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Abstract: Fuel cells are an environmentally clean, quiet, and a highly
efficient method for generating electricity and heat from natural gas and other
fuels. In fiscal year 1993 (FY93), the Engineer Research and Development
Center, Construction Engineering Research Laboratory (ERDC-CERL) was
assigned the mission of managing the DOD Fuel Cell Demonstration
Program. Specific tasks included developing turnkey PAFC packages, devising
site criteria, screening candidate DOD installation sites based on selection
criteria, evaluating viable applications at each candidate site, coordinating
fuel cell site designs, installation and acceptance of the PAFC power plants,
and performance monitoring and reporting.

CERL selected and evaluated 30 application sites, supervised the design and
installation of fuel cells, actively monitored the operation and maintenance of
fuel cells, and compiled “lessons learned” for feedback to fuel cell
manufacturers. At the conclusion of the demonstration period, each of the
demonstration fuel cell sites was given the choice to either have the fuel cell
removed or to keep the fuel cell power plant. This report presents a detailed
review of a 200 kW fuel cell installed at the Marine Corps Air Ground Combat
Center (MCAGCC) — Twentynine Palms and operated between June 1995 and
May 2000.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Citation
of trade names does not constitute an official endorsement or approval of the use of such commercial products. All product
names and trademarks cited are the property of their respective owners. The findings of this report are not to be construed as
an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.




ERDC/CERL TR-06-17 ifi

Contents
Figures and Tables v
Preface vii
Unit Conversion Factors viii
1 Introduction 1
I R = 7= Yo 4= {0 TV o o PSPPI 1
IO 0 o1 1=T o1 €Y7= R 3
A IIOC B Y o o1 (0 Y- Y] o 3
1.4 Mode of TEChNOIOZY TraNSTE ...coueiiieiecee e 4
2 Project Overview 5
B2 I o 1= I =1 = Y 5
2.2 Project PartiCiPants ....cuuc et e e s se e s e s e e e ne e e nanee 6
2.3 Naval HOSPital INTEIVIEWS ..ccieeiei ittt st sna e e e e ne e s nanee 7
3 Fuel Cell Design and Installation .10
3.1 Fuel Cell BUilding APPIiCatiON....cui et 10
3.2 Conceptual INStallation DESIZN ....ccccuei e s 10
3.3 Detailed DESIZN DIaWINGS ....ccieccueeieeceeeeeeieeeereseeereeeeesssseeessseeesesseessssneesssseeesessnsessesnees 12
4 Fuel Cell PErfOrmManCe.......ccouusersersemsmssmssmssmssmssmssmssnssnssnssnssnssnssmssmssnssnssmssnssnssnsssssssssassassansans snsssns 30
4.1 OPErating HISTOIY ..ueeieeeeiieeeie ettt s s ene e s e s ne e s ne e sneeenneas 30
4.2 Fuel Cell OULAZE SUMMIAIY...iiiicieeieeeeereieeereecseeseeseeessseeessssseesseseessesneesesseeesssssnessnnees 33
4.3 Fuel Cell Stack Degradation.........cocceereeereerneresee e s 39
4.4 Fuel Cell Maintenance ACHIVITIES ..uuivvuiii ittt s 44
4.5 FUE Cell RELIOFITS.ceuiiieeieriieeeee ettt n e s s e n e e sneesnee s 51
4.6 Fuel Cell Operation and OUTagEe SUMMAIY ......eeiircieerrieeeeeereeeeesee e ssee e e se e e sne e seneeas 51
5 Fuel Cell Economics 52
5.1 HOSPItal ENEr8Y COSTS...ciiiieiieieeceeeescceie e et e s e e s ese e e e e e s e s nn e s e s e e e ane e e e nneesnnnnes 52
5.2 Fuel Cell MainteNanCe COSES ....coii it 55
5.3 Fuel Cell ENErBY SAVINES ..ooicueiiieieeeeeie ettt s sne e s sne e 57
5.4 Fuel Cell LIfECYCIE COSTS ...uuiiiiaiirieieeerecteeseeeie s eeere e s se e e s e s e e s esne e e ss e e e s e sseessnnneeeseanneenan 57
6 Summary, Conclusions, and Recommendations 61
6.1 Review of Fuel Cell Demonstration at MCAGCC Twentynine Palms........cccccccvrveeeieennne 61
6.2 LESSONS LEAINEM ...eeieieeeie ettt ettt e e e s e e e s e e nne e s e e e nneenan 62
6.3 RECOMMENUATIONS ...eeieiiiiee e e s s se e e e ne e e s nn e e s e nneeean 62
Appendix A: Fuel Cell Acceptance Test Report 64

Appendix B: MCAGCC Twentynine Palms - Naval Hospital, Project Meeting Attendees.......... 90



ERDC/CERL TR-06-17

Appendix C: Review Letters for Original Design Drawings

91

Appendix D: PC25B Fuel Cell Forced Outage Description Codes

95

Appendix E: Operational and Outage Periods

97

Appendix F: Summary of Maintenance Invoices by Year

Appendix G: Project Meeting Notes

Appendix H: Fuel Cell Photographs

Report Documentation Page

119

125

..136



ERDC/CERL TR-06-17

Figures and Tables
Figures
1  Fuel cell installation 8
2  Fuel cell site after removal........occvciiesisnisnssns s s 9
3 Original conceptual fuel cell location and interfaces (later changed).......................... 11
4  Original conceptual fuel cell thermal interface 11
5 Final installation drawing - electrical wiring diagram 14
6 Final installation drawing - electrical interface details 16
7 Final installation drawing - ground grid plan details 18
8 Final installation drawing - heat recovery piping and instrumentation........................ 20
9 Final installation drawing - mechanical piping details 22
10 Final installation drawing - layout plan with mechanical and electrical routing 24
11  Final installation drawing - foundation layout plan 26
12 Final installation drawing - foundation layout plan side view 28
13  Fuel cell operating hours by month 31
14  Forced outage occurrences by major system types 37
15 Average forced outage durations by major system types 37
16  Number of forced outages by outage duration 38
17 Total forced outage hours by major system types 38
18 Fuel cell stack electrical efficiency degradation over time 39
19 Electric efficiency trends with major system changes 41
20 Fuel cell stack cell voltage degradation over time 42
21  Cell voltage trends by electric output 44
22  Annual hospital electric consumption 54
23  Annual hospital natural gas consumption 55
24  Annual trend in fuel cell maintenance costs 56
25  Annual fuel cell energy savings 58
Tables

1 Time line of major events and milestones for the fuel cell at the MCAGG Naval
Hospital 5
2 Principal project participants at MCAGCC Twentynine Palms 7
List of changes to design drawings based on comments 12
4  Distribution of continuous hours of operation 31




ERDC/CERL TR-06-17

Vi

© 00 N O O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Fuel cell electrical performance characteristics

Fuel cell input fuel and thermal output characteristics

Fuel cell electric efficiency

Distribution of non-operational hours by duration

List of fuel cell outage periods

Forced outage categories

Forced outage statistics

Trend of electrical efficiency with fuel cell load hours

Major system changes and electrical efficiency trends

Trend of cell voltage with fuel cell load hours

Cell voltage analysis by electrical output

Maintenance days and labor hours by year

Maintenance activities in 1995

Maintenance activities in 1996

Maintenance activities in 1997

Maintenance activities in 1998

Maintenance activities in 1999

Maintenance activities in 2000

SCE TOU-8 rate structure

Hospital energy bills for FY98

Hospital energy bills for FY99

Hospital energy bills for FYO0

Hospital energy bills for FYO1

Summary of fuel cell maintenance costs

Annual energy savings at naval hospital

Fuel cell demand savings

Lifecycle cost analysis

Summary of fuel cell performance

32
32

33

34
34
35

.35

40
41
43
43
45
45
45
47
48
49
50

..52

53
53
53
54
56
57

.59

60
61



ERDC/CERL TR-06-17 vii

Preface

In fiscal years 93 and 94, Congress provided funds for natural gas utilization
equipment, part of which was specifically designated for procurement of
natural gas fuel cells for power generation at military installations. The pur-
chase, installation, and ongoing monitoring of 30 fuel cells provided by these
appropriations has come to be known as the “DOD Fuel Cell Demonstration
Program.” Additional funding was provided by: the Office of the Deputy Un-
der Secretary of Defense for Industrial Affairs & Installations, ODUSD
(IA&I)/HE&E; the Strategic Environmental Research & Development Pro-
gram (SERDP); the Assistant Chief of Staff for Installation Management
(ACSIM); the U.S. Army Center for Public Works (CPW); the Naval Facilities
Engineering Service Center (NFESC); and Headquarters (HQ), Air Force Civil
Engineer Support Agency (AFCESA).

The work was performed by the Energy Branch (CF-E), of the Facilities Divi-
sion (CF), Construction Engineering Research Laboratory (CERL). The CERL
Principal Investigator was Franklin H. Holcomb. Part of this work was done
by Science Applications International Corporation (SAIC) under General Ser-
vices Administration (GSA) contract No. 5TS5703C166. J. Michael Torrey and
John F. Westerman are associated with SAIC. Dr. Thomas Hartranft is Chief,
CEERD-CF-E, and L. Michael Golish is Chief, CEERD-CF. The associated
Technical Director was Dr. Paul A. Howdyshell, CEERD-CVT. The Director of
CERL is Dr. llker R. Adiguzel.

CERL is an element of the U.S. Army Engineer Research and Development
Center (ERDC), U.S. Army Corps of Engineers. The Commander and Execu-
tive Director of ERDC is COL James R. Rowan, and the Director of ERDC is
Dr. James R. Houston.
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Unit Conversion Factors

Multiply By To Obtain
acres 4,046.873 square meters
cubic feet 0.02831685 cubic meters
cubic inches 0.00001638706 cubic meters
degrees (angle) 0.01745329 radians

degrees Fahrenheit

(5/9) x (°F - 32)

degrees Celsius

(5/9) x (°F - 32) +

degrees Fahrenheit 57315, kelvins

feet 0.3048 meters
gallons (U.S. liquid) 0.003785412 cubic meters
horsepower (550 ft-Ib force per second) 745.6999 watts

inches 0.0254 meters

Kips per square foot 47.88026 kilopascals
Kips per square inch 6.894757 megapascals
miles (U.S. statute) 1.609347 kilometers
pounds (force) 4.448222 newtons
pounds (force) per square inch 0.006894757 megapascals
pounds (mass) 0.4535924 kilograms
square feet 0.09290304 square meters
square miles 2,589,998 square meters
tons (force) 8,896.443 newtons

tons (2,000 pounds, mass) 907.1847 kilograms
yards 0.9144 meters
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1.1

Introduction

Background

In fiscal year 1993 (FY93), the U.S. Congress appropriated $18 million to ad-
vance the use of phosphoric acid fuel cells (PAFCs) at Department of Defense
(DOD) installations. An additional $18.75 million was appropriated in FY94
to expand the program. The Engineer Research and Development Center,
Construction Engineering Research Laboratory (ERDC-CERL) was assigned
the mission of managing the DOD Fuel Cell Demonstration Program. Specific
tasks included developing turnkey PAFC packages, devising site criteria,
screening candidate DOD installation sites based on selection criteria, evalu-
ating viable applications at each candidate site, coordinating fuel cell site de-
signs, installation and acceptance of the PAFC power plants, and performance
monitoring and reporting.

Thirty DOD fuel cell sites were selected based on the following criteria:

1. Geographic diversity
2. Application diversity
3. Fuel cell utilization at site
4. Energy cost savings.

The first two criteria are related more to overall program goals; the last are
typical criteria for most fuel cell evaluations. It was important for the DOD
Fuel Cell Program sites to represent a cross section of both “base” (including
climate) and “building” applications. It was also important to identify applica-
tions where a high percentage of the fuel cell thermal and electrical output
could be used at the site to demonstrate the greatest possible benefits.

Energy savings were less important in this Program than is typical with com-
mercial applications since fuel cells purchased by the DOD were given to the
Program sites. The economic criteria for each application was to generate at
least $25,000 per year in energy savings, which would essentially cover an-
nual maintenance costs. This would enable the fuel cell to pay for itself once
the responsibility for maintenance was turned over to the base (after ap-
proximately 5 years).
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The program followed a consistent approach for selecting sites, designing and
reviewing installation plans, installing and maintaining the fuel cells, collect-
ing fuel cell performance data and project decommissioning. This involved:

1.

Preliminary Screening. Base energy data from the Defense Energy Infor-
mation System (DEIS) was used to rank DOD sites by utility rates and po-
tential fuel cell energy savings. DOD base personnel were contacted to
identify their interest in hosting a fuel cell demonstration unit and to iden-
tify a preliminary list of potential building applications. The Navy and Air
Force provided an initial list of candidate sites for consideration.

Site Visits. ERDC-CERL and Science Applications International Corpora-
tion (SAIC) representatives visited each base, evaluated potential fuel cell
application sites and discussed possibilities with site personnel. Energy
consumption and rates, hours of operation, availability of space, etc. and
other information was collected during the site visit.

Site Evaluation Reports. SAIC prepared a site evaluation report* docu-
menting site information, presenting conceptual fuel cell installation
plans, estimation of electrical and thermal energy savings, and projected
fuel cell energy savings. Based on the viability of the proposed fuel cell ap-
plication, the base was accepted as a program site.

Kick-off Meetings. ERDC-CERL, SAIC, United Technologies Corp. (UTC)
Fuel Cells (formerly ONSI Corp. and International Fuel Cells) and site per-
sonnel met to review the site evaluation report, discuss relevant issues,
schedules, and any other concerns. UTC Fuel Cells collected site data for
use in preparing the detailed site installation drawings.

Design Review Meetings. Detailed design drawings were submitted by
UTC Fuel Cells for review by ERDC-CERL, SAIC, and site personnel. Spe-
cific issues related to the design were discussed and UTC Fuel Cells would
incorporate changes to the drawings based on the input received.
Acceptance Tests. Installation of the fuel cells was the responsibility of
UTC Fuel Cells. After the fuel cell installation was completed, a series of
tests were performed to validate fuel cell performance. Upon successful
completion, the fuel cell was turned over to the base, but operation and
maintenance remained the responsibility of UTC Fuel Cells for approxi-
mately 5 years. Appendix A includes a copy of the acceptance test report.
Dedication Ceremonies. Many of the fuel cell sites held a fuel cell dedica-
tion ceremony as part of their program participation. Often, dignitaries
such as Generals and State Governors were in attendance.

* Michael J. Binder, Franklin H. Holcomb, and William R. Taylor, ERDC/CERL Technical Report (TR) 01-32/

ADA389308, paa, Site Evaluation for Application of Fuel Cell Technology: Naval Hospital—Marine Corps Air
Ground Combat Center Twentynine Palms, CA (ERDC-CERL, Champaign, IL, March 2001)
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1.2

1.3

8. Fuel Cell Operations. The fuel cells operated for 3 to 5 years. UTC Fuel
Cells was responsible for maintenance of the power plant as well as collec-
tion of fuel cell performance data.

5. Fuel Cell Decommissioning. At the conclusion of the demonstration pe-
riod, UTC Fuel Cells was responsible for removing the fuel cell and return-
ing the site to the its condition before to the fuel cell installation. Each of
the FY93 fuel cell sites, including MCAGCC Twentynine Palms, was given
the opportunity to keep the fuel cell power plant at the end of the demon-
stration and take responsibility for all costs and issues related to opera-
tion, performance and decommissioning.

This report presents a detailed review of a 200 kW fuel cell installed at the
Marine Corps Air Ground Combat Center (MCAGCC) — Twentynine Palms.
The base is located in Twentynine Palms, CA, approximately 150 miles east of
Los Angeles. The fuel cell was installed at the Naval Hospital as part of the
DOD Fuel Cell Demonstration Program. The fuel cell operated between June
1995 and May 2000. This report also reflects follow-up investigation of oper-
ating information accomplished after 2001.

Objective

The overall objective of the Fuel Cell Demonstration Program was to:

e demonstrate fuel cell capabilities in real-world situations
e stimulate growth and economies of scale in the fuel cell industry
e determine the role of fuel cells in DOD’s long-term energy strategy.

This specific objective of this part of the program was to give a detailed review
of the PAFC fuel cell demonstration at the Marine Corps Air Ground Combat
Center (MCAGCC) — Twentynine Palms, CA.

Approach

The review process involved:

1. Collecting data from the Fuel Cell Demonstration Project at MCAGCC

2. Analyzing the data in terms of the technology’s capabilities, performance,

and potential for a continuing role in the DOD’s long-term energy strategy

Compiling lessons learned from the demonstration experience

4. Making recommendations for continued/improved use of the technology
at DOD installation.

w
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1.4 Mode of Technology Transfer

Results of this work will be forwarded directly to the funding sponsor and to
the participating installation. This report will be made publicly accessible
through the World Wide Web (WWW) at URL.:

http://www.cecer.army.mil

http://www.dodfuelcell.com



http://www.cecer.army.mil/
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2.1

Project Overview

This chapter reviews the timeline of events and the project participants in-
volved in the fuel cell demonstration unit for the Naval Hospital at Marine
Corps Air Ground Combat Center — Twentynine Palms.

Project Timeline

The first formal activity related to the fuel cell demonstration unit at the Na-
val Hospital was a site evaluation meeting held in December 1993. Between
20 June 1995 and 20 May 2000, the fuel cell operated for 21,889 hours and
generated more than 3,500 MWh of electricity. The fuel cell had its last forced
outage on 20 May 2000 and the fuel cell was removed in February 2001. (No
fuel cell was in operation during this time.) Table 1 lists the major events and
milestones for this fuel cell demonstration unit. Chapter 4 of this report gives
a more detailed analysis of the fuel cell operation and performance history.

Table 1. Time line of major events and milestones for the fuel cell at the MCAGG
Naval Hospital.

Date Event

8-9 December 1993 Site evaluation meeting held at Twentynine Palms

8 March 1994 Site evaluation report submitted by SAIC

18 March 1994 Twentynine Palms selected as demonstration site

3 May 1994 Project kick-off Meeting held at Twentynine Palms

16 January 1995 Draft design drawings submitted by UTC Fuel Cells

14 February 1995 Fuel cell design review completed by SAIC

27 February 1995 ONSI submits revised drawings

2 March 1995 Fuel cell design review meeting held at Twentynine Palms
3 March 1995 Base authorizes commencement of site construction
13 March 1995 Start of construction
16-21 June 1995 Acceptance testing performed
23 June 1995 Acceptance Test Meeting; Form DD250 signed by Twentynine Palms
26 July 1995 1,000 hours of operation milestone

9 August 1995 Fuel Cell Dedication Ceremony

14 January 1996 Fuel cell shut down due to fleet-wide water issues

28 March 1996 Install new fuel cell stack

7 August 1996 SAIC monitoring system installed

9 August 1996 Reverse osmosis system installed; fuel cell restarted
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14 July 1996 5,000 hours of operation milestone
10 March 1997 10,000 hours of operation milestone
30 January 1998 15,000 hours of operation milestone

11 May 1998 Replace heat exchangers

1 October 1999 20,000 hours of operation milestone
20 May 2000 Fuel cell shut down for final time

6 July 2000 Base requests to have fuel cell removed

February 2001 Fuel cell removed

The time between the initial site evaluation meeting and the fuel cell accep-
tance test time was approximately 18 months. It took approximately 3%2
months to install the fuel cell following acceptance of the installation design.
UTC Fuel Cells was responsible for the installation of all 30 fuel cells installed
as part of this program. GBC Electrical Services installed the fuel cell as a sub-
contractor to UTC Fuel Cells.

2.2 Project Participants

The successful demonstration of this fuel cell unit required the efforts of sev-
eral organizations and individuals:

e ERDC-CERL had overall responsibility for the DOD Fuel Cell Demonstra-
tion Program unit installed at the Naval Hospital. ERDC-CERL was re-
sponsible for contracting with the fuel cell manufacturer, identifying all
sites, managing all site evaluations, and overseeing all design, installation,
operation, and maintenance activities.

e UTC Fuel Cells manufactured the PC25B and PC25C fuel cells used at the
bases. They were responsible for manufacturing the fuel cell as well as the
detailed design drawings, fuel cell installation, operation/maintenance
and, if necessary, fuel cell removal.

e SAIC was responsible for evaluating potential building applications at
each site, developing fuel cell conceptual designs, performing a prelimi-
nary economic analysis and submitting the site evaluation report for re-
view by all parties. In addition, SAIC was involved in the detailed design
reviews and participating in the design review meetings. For this demon-
stration unit, SAIC also conducted independent performance monitoring
of the fuel cell.

e GBC Electrical Services was the installation contractor for this fuel cell. In
addition, they performed the maintenance on the fuel cell and were in-
volved in its removal.
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2.3

e The Naval Hospital was directly involved in the review and approval of the
fuel cell project as well as coordination of maintenance activities with GBC

Electrical Services.

e MCAGCC personnel provided review and approval for various aspects of
the project including fire and utilities interfaces.

Table 2 lists the individuals involved in this demonstration project at the Na-

val Hospital.

Table 2. Principal project participants at MCAGCC Twentynine Palms.

Organization

Name

Project Role

ERDC-CERL Dr. Michael Binder | Manager, Fuel Cell Demonstration Program
Frank Holcomb Fuel Cell Project Manager
William Taylor Fuel Cell Project Manager
Gerald Cler Fuel Cell Project Manager

UTC Fuel Cells Joseph Staniunis Installation Designer

Douglas Young
Thomas Pompa

Technical Representative
Installation/Maintenance Coordinator

Science Applications Int’l
Corp.

Gerry Merten
Mike Torrey

Principal Technical Manager
Project Manager

Naval Hospital

Tiffany Monaco
Patrick Dougherty
C.J. Chitwood

Naval Hospital Point of Contact
MCAGCC Utilities Engineer
Naval Hospital

MCAGCC Twentynine Palms

Howard DeVore
Stuart Hammons

Base Public Works
Utilities Engineer

Luke Wren Facilities Management
GBC Electrical Services George Collard Installation/Maintenance Contractor
Ray Aselin Electrician

Appendix B lists the attendees lists for the Site Evaluation, Kick-off, Design
Review, and Acceptance Testing meetings. No attendees list was created for
the Dedication Ceremony.

Naval Hospital Interviews

Personnel from the Naval Hospital at Twentynine Palms were contacted to
discuss their overall experience with the fuel cell demonstration. The original
point of contact person, Ms. Tiffany Monaco, was involved with the project
from the initial site evaluation through the early part of the fuel cell’s opera-
tion. Since Ms. Monaco was not available for an interview, Mr. Patrick
Dougherty, who took over as site point of contact, agreed to be interviewed.

Mr. Dougherty was responsible for facilities maintenance at the Naval Hospi-
tal. He was involved with the fuel cell demonstration from its inception and
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attended the site evaluation meeting back in December 1993. Mr. Dougherty
expressed his approval of the fuel cell technology, but stated that he “wished
that it operated more than it did.” His view of the technology is generally
positive and he is open to participating in another fuel cell demonstration,
should the opportunity present itself.

The facility personnel conducted an analysis of costs associated with contin-
ued operation of the fuel cell, including replacement of the cell stack. The re-
sults of the analysis revealed that it would not be economically viable to con-
tinue to operate the fuel cell at the Naval Hospital. As a result, the Naval
Hospital requested that the fuel cell be removed from the equipment pad fol-
lowing the demonstration period. Figure 1 shows the fuel cell installation.
Figure 2 shows the fenced area where the fuel cell had been installed. The tall
tank at the back left corner was for storing fuel cell thermal output. The area
is now used for storage of miscellaneous items.

Figure 1. Fuel cell installation.
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Figure 2. Fuel cell site after removal.
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3.1

3.2

Fuel Cell Design and Installation

This Chapter reviews the basic fuel cell design and installation procedures
used for the Naval Hospital fuel cell at Twentynine Palms.

Fuel Cell Building Application

The Naval Hospital building opened in early 1993, the same year that the site
evaluation meeting was held. The hospital is a 190,000 sq ft facility with 39
patient beds and various specialty clinic facilities. The facility operates 24
hours per day. In addition to the hospital, a barracks was considered as a pos-
sible candidate site for the fuel cell. However, the barracks was eliminated
from further consideration because it was scheduled to be torn down within a
couple of years. ERDC-CERL TR 01-32 provides more details about the site
evaluation.

Conceptual Installation Design

Based on the initial site evaluation meeting in December 1995, a preliminary
conceptual design for the fuel cell installation was prepared. Figure 3 shows
the layout of the hospital mechanical/electrical rooms, an outdoor equipment
yard and an open space area between them.

The fuel cell was originally proposed to be located adjacent to the outdoor
equipment yard that contained cooling towers, an electrical room, and three
1,000 kW backup generators. Because the open space between the equipment
yard and the hospital building had a 5 to 10 percent grade, locating the fuel
cell next to the mechanical rooms was deemed problematic. Subsequently,
aesthetic and practical issues were resolved and the fuel cell was sited next to
the mechanical rooms. This new location provided closer proximity to both
the natural gas and thermal interface locations.

The main natural gas line enters the building just outside the boiler room. The
gas line would to be tapped into and run over the to fuel cell pad (approxi-
mately 50 ft).

The fuel cell electrical interface was originally to be tied into the low voltage
side of the 12,000/480V transformers located in the equipment yard. Once
the fuel cell location was moved, the point of electrical interface was moved to
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the electrical panels located inside the hospital building. A dedicated load
would later be identified for connecting to the grid-independent output inter-
face of the fuel cell.

The thermal interface was to tie into the domestic hot water (DHW) system at
the hospital. Figure 4 shows the proposed fuel cell thermal interface where
water is pulled from the make-up line, heated up in the fuel cell, and then sent
back to the DHW steam heaters. The tank size was reduced to 1,000 gal for
the actual installation. The thermal piping distance was estimated at ap-

proximately 35 ft.
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3.3

Detailed Designh Drawings

UTC Fuel Cells submitted an original set of design drawings on 16 January
1995. The drawings were reviewed by base personnel, ERDC-CERL and SAIC.
New drawings were made for the design review meeting held on 2 March 1995
at the Naval Hospital. Appendix B includes the attendees list.

The following drawings were submitted:
S-1: Foundation Layout Plan

S-2: Foundation Layout Plan / Side View A-A

ME-1:  Site Layout Plan with Mechanical & Electrical Routing
M-1: Heat Recovery Piping & Instrumentation

M-2: Mechanical Piping Details

E-1: Electrical Wiring Diagram

E-2 Electrical Interface Details

E-3 Electrical Details

The most significant changes from the initial conceptual design involved mov-
ing the fuel cell from the equipment yard to a location with closer proximity to
the mechanical building, reducing the size of the storage tank from 5,000 to
1,000 gal and adding a grid-independent interface with the hospital.

Reviewers submitted comments based on the initial drawings. Appendix C
includes copies of these comments. Table 3 lists the changes made to the de-
tailed site drawings, both before and after the design review meeting. Figures
5 through 12 show the final installation drawings.

Table 3. List of changes to design drawings based on comments.

Drawing | Changes

S1 1. Equipment positioning adjustments made including nitrogen tank rack to back
side of pad.

Fence lengthened 1 ft. to 52 ft.

Full concrete pad within fence.

Add drainage accommodations at building end of pad.

S-2 Equipment position adjustments.

ME-1 DHW interface piping size changed from 2” to 3.”

NP PR eN

Rerouted high pressure gas line up to fuel cell pad where low pressure regulator
would be installed.

Phone line conduit added to drawing.

Typographical error corrected: gas pipe is 3,” not 3.

Equipment position adjustments as on S-1.

Spare conduit added (emergency power cord).

~[ololafw

Building wall penetrations noted.
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Drawing | Changes
8. Disconnect labels changed (reversed GC & Gl).

M-1 1. Noted added that contractor would inspect water make-up line to insure that po-
table water system is isolated from city water system by an approved backflow
prevention device in the existing system.

2. Typographical error corrected: water tank diameter 4 ft, not 4 in.
3. Mixing valves labeled.
4. Closed valves illustrated

M-2 No changes.

E-1 1. Grounding illustration changed to correspond to E-3 drawing.

E-2 No Changes

E-3 1. Ground grid updated.
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4.1

Fuel Cell Performance

This Chapter summarizes fuel cell operating performance, outage history, and
maintenance activities.

Operating History

The fuel cell started operation in mid-June of 1995. Acceptance tests were
performed between 16 and 21 June. Appendix A includes the Acceptance Test
Report. Official data recording for the demonstration began on 20 June. The
formal acceptance test meeting was held a few days later on 23 June, with title
to the fuel cell transferred to the Naval Hospital using Form DD250. The
power plant continued to operate (for 912 hours of continuous operation) un-
til an event on 28 July 1995. A total of 36 power plant shut downs were re-
corded between 20 June 1995 with the final shut down occurring on 26 May
2000. There were 33 forced outages and 3 scheduled outages.

Performance data was collected via UTC Fuel Cells’ RADAR data acquisition
system. Using a modem and telephone line, the power plant was called rou-
tinely to retrieve a “snapshot” of the current status. Included in the metrics
collected were cumulative totals for hot time, load time, MWHTrs, input fuel,
thermal output, etc. These data records were then used to generate the vari-
ous performance parameters discussed in this report.

A total of 21,890 operating load hours were recorded for the Naval Hospital
fuel cell. Of the 36 separate operating periods, eight of them had continuous
fuel cell operating hours of more than 1,000 hours. The longest continuous
operating period was 2,069 hours (~12 weeks) and occurred between 9 Au-
gust and 3 November 1996. Table 4 lists the distribution of continuous peri-
ods of operation for this fuel cell.

Figure 13 shows the hours of operation and outages on a monthly basis for the
entire demonstration period. Between 20 June 1995 and 20 May 2000
(43,094 hours), the fuel cell operated a total of 21,890 hours, which repre-
sents an availability of 50.8 percent.
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Table 4. Distribution of continuous hours of operation.

Hours of Operation Occurrences
Over 3,000 hours 0
2,001 - 3,000 hours
1,001 - 2,000 hours
751 - 1,000 hours
501 - 750 hours
250 - 500 hours
Less than 250 hours 14
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Figure 13. Fuel cell operating hours by month.

The fuel cell generated over 3.5 million kWh of electricity for the Naval Hospi-
tal during the demonstration period. The data listed in Table 5 summarize
annual fuel cell electrical performance at the Naval Hospital. The average
electrical output of the fuel cell during operation was 161 kW over the 5+ year
period. The data shows that the average annual rate of electrical output from
the fuel cell through 1997 was 175 kW and decreased to an average low of 123
KW in 1999.
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Table 5. Fuel cell electrical performance characteristics.

Year Operating Hours | MWhrs Avg. kW
1995 3,705 633.8 171
1996 4,836 838.8 173
1997 5,970 1,071.5 179
1998 1,989 315.8 159
1999 4,253 521.7 123
2000 1,136 140.8 124
Total/Avg. 21,890 3,5622.4 161

The average rate of heat recovered and used by the Naval Hospital “thermal
utilization” was only a fraction of the fuel cell’s 700,000 Btu/hour capacity.
The site only used an average of 40,750 Btu/hour (<6 percent utilization).
The data indicates that no heat was recovered in 2000. The level of heat re-
covery is important in that heat recovered from the fuel cell offsets the quan-
tity of heat that must be produced (i.e., reduces natural gas consumption) by
conventional heating systems at the facility thereby creating additional cost
savings attributable to the fuel cell. Table 6 lists thermal output performance
as well as natural gas consumption characteristics for the fuel cell. The fuel
cell consumed natural gas at an average rate of 1,664.3 cu ft per hour during
the course of the demonstration. The rate of natural gas consumption is fairly
linear with the electric output at 10.5 cu ft/kW. The thermal efficiency com-
ponent for the heat recovered from the fuel cell added approximately 2.38
percent to overall efficiency of the fuel cell.

Table 6. Fuel cell input fuel and thermal output characteristics.

Avg. Rate of
Thermal Heat Thermal Heat | Fuel Cell Thermal

Input Fuel Input Fuel Recovery Recovery Efficiency
Year (cu ft) (cu ft/hr) (therms) (kBtu/hr.) (HHV) %*
1995 6,488,973.3 1,751.3 2,146.4 57.9 3.21
1996 8,339,251.1 1,724.3 3,118.1 64.5 3.63
1997 11,093,926.4 1,858.2 3,251.1 54.5 2.85
1998 3,419,098.2 1,718.7 226.2 11.2 0.63
1999 5,577,173.3 1,311.3 182.1 4.3 0.32
2000 1,514,140.0 1,333.1 0 0 0.00
Total/Avg. | 36,432,562.3 1,664.3 8,923.9 40.8 2.38
* Higher Heating Value (HHV) is based on a natural gas heating value of 1,030 Btu/cubic foot.

Table 7 lists the fuel cell electrical efficiency based on higher heating value
(HHV) for each year of operation. The average electrical efficiency for the
demonstration was 32.0 percent (HHV).
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4.2

Table 7. Fuel cell electric efficiency.

Electrical

Input Fuel Efficiency

Year MWhrs (cu ft) (HHV)- %*
1995 633.8 6,488,973.3 324
1996 838.8 8,339,2561.1 333
1997 1,071.5 11,093,926.4 32.0
1998 315.8 3,419,098.2 30.6
1999 521.7 5,577,173.3 31.0
2000 140.8 1,514,140.0 30.8
Total/Avg. | 3,522.4 36,432,562.3 32.0

*Higher Heating Value (HHV) is based on a natural gas heating
value of 1,030 Btu/cubic foot, calculated as:

Efficiency = ((MWhrs x 1,000,000 Watt-hrs/MWhrs x 3.413

Btu/Watt) / (cu ft x 1,030 Btu/cubic foot)) x 100

Fuel Cell Outage Summary

Between 20 June 1995 and 20 May 2000 (43,094 hours), the fuel cell had 36
outages resulting in 21,204 hours of downtime. The fuel cell’s availability was

50.8 percent:

The outages were identified from the RADAR performance monitoring system
data. Because data records are collected on average once per day, outage
times occasionally had to be interpolated. Sometimes the modem did not re-
spond or the phone line was down, which prevented a full complement of data

records.

The longest outage was for 3,937 hours and occurred between 4 July and 15
December 1998. The next longest outage period occurred between 10 Decem-
ber 1999 and 3 April 2000 (2,746 hours). Table 8 lists the distribution of out-

50.8% = ((43,094 — 21,204) / (43,094)) x 100

age periods by hours of outage duration.

Table 9 lists the start and end dates/times (chronologically), the outage dura-
tion hours, and the outage type for the 36 individual events. Appendix D in-

cludes the complete list of outage codes for the PC25B fuel cell.
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Table 8. Distribution of non-operational hours by duration.

Outage Hours Occurrences
Over 3,000 hrs 1
2,001 - 3,000 hrs 2
1,001 - 2,000 hrs 1
751 - 1,000 hrs 1
501 - 750 hrs 0
250 - 500 hrs 10
Less than 250 hrs 27

Table 9. List of fuel cell outage periods.

Total Hours to Next
No. | Off Date Stamp On Date Stamp Outage Hrs Outage Type System Part
6/20/95 15:51 912.00
1 |7/28/95 15:51 7/28/95 16:24 0.55 823.10 F APS FT140
2 8/31/95 23:30 9/3/95 11:34 60.07 597.35 F ™S TCV400
3 |9/28/95 08:55 11/2/95 09:11 840.27 1753.15 F ™S PMP400
4 1/14/96 10:20 4/17/96 14:02 | 2,259.70 173.85 F OTR SBSTK
5 |4/24/96 19:53 5/4/96 18:40 238.78 15.55 F CVS CV500
6 5/5/96 10:13 6/14/96 13:20 963.12 5.00 F ES MCBO0O0O1
7 6/14/96 18:20 6/18/96 22:55 100.58 968.08 F ES MCB002
8 |7/29/96 07:00 8/9/96 15:30 272.50 2068.70 N
9 11/3/96 20:12 11/6/96 10:19 62.12 693.02 F T™S FS400
10 | 12/5/96 07:20 12/7/96  10:50 51.50 947.87 F OTR
11 1/15/97 22:42 1/28/97 20:30 309.80 247.67 F OTR CRB
12 2/8/97 04:10 2/8/97 17:55 13.75 723.98 F OTR CRB
13 | 3/10/97 21:54 3/11/97 18:05 20.18 531.25 F OTR
14 | 4/2/97 21:20 4/3/97 20:01 22.68 1235.48 F OTR
15 5/25/97 07:30 6/5/97 23:25 279.92 659.68 F FPS
16 7/3/97 11:06 7/22/97 18:36 463.50 65.68 F ™S FT140
17 7/25/97 12:17 7/26/97 14:44 26.45 135.53 N
18 |8/1/97 06:16 8/13/97 16:56 298.67 120.07 F OTR PC
19 | 8/18/97 17:00 8/22/97 13:08 92.13 160.20 F OTR K001
20 |8/29/97 05:20 9/30/97 19:28 782.13 1603.53 F ES UPS001
21 12/6/97 15:00 12/26/97 14:27 479.45 300.85 F OTR K002
22 1/8/98 03:18 1/23/98 13:50 370.53 851.75 F OTR FCV012
23 2/28/98 01:35 3/26/98 17:20 639.75 12.18 F OTR
24 | 3/27/98 05:31 4/18/98 11:50 534.32 137.00 F ES UPS001
25 |4/24/98 04:50 5/11/98 19:00 422.17 17.32 F ES MCB003
26 |5/12/98 12:19 6/16/98 16:32 844.22 429.87 F OTR CSA
27 7/4/98 14:24 12/15/98 16:05 | 3,937.68 1626.92 N T™S
28 2/21/99 11:00 4/6/99 21:00 1,066.00 1008.33 F OTR GRND
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Table 9. List of fuel cell outage periods.

Total Hours to Next

No. | Off Date Stamp On Date Stamp Outage Hrs Outage Type System Part
29 |5/18/99 21:20 5/20/99 16:30 43.17 349.83 F APS FT140
30 |6/4/99 06:20 8/20/99 13:48 | 1,855.47 122.18 F OTR

31 |8/25/99 15:59 9/2/99 12:08 188.15 8.58 F APS FT140
32 |9/2/99 2043 9/3/99 17:12 20.48 1018.30 F APS FIL100
33 |10/16/9903:30 11/1/99 19:31 400.02 149.02 F WTS

34 |11/8/99 00:32 11/23/99 13:06 372.57 408.60 F OTR INV

35 |12/10/9913:42 4/3/00 00:00 | 2,746.30 1134.00 F T™MS FS400
36 |5/20/00 06:00 Final Outage F PSS VT310

Thirty-three of the outages were classified as “forced outages,” which contrib-
uted to a total of 16,420 hours of down time. Forced outages are broadly clas-
sified by the major fuel cell sub-systems listed in Table 10.

Table 10. Forced outage categories.

Category |Description

PSS Power section system

APS Air processing system

Cvs Cabinet ventilation system

ES Electrical system

FPS Fuel processing system
OTR Other

TMS Thermal management system

WTS Water treatment system

Table 11 lists the forced outages by major system categories.

Table 11. Forced outage statistics.

Total Min. Outage Max. Outage Avg. Outage
Number of Outage Time per Time per Time per
Category | Occurrences Time Occurrences Occurrences Occurrence
APS 4 252.4 0.6 188.2 63.1
CvVs 1 238.8 238.8 238.8 238.8
ES 5 2,802.3 100.6 963.1 560.5
FPS 1 279.9 279.9 279.9 279.9
OTR 14 7,852.2 13.8 2,259.7 560.9
PSS* 1 0.0 - - -
T™S 6 4,594.4 60.1 2,746.3 765.7
WTS 1 400.0 400.0 400.0 400.0
33 16,420 497.6
*Final outage (no time associated)
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Fourteen of the thirty-three (42 percent) forced outages were classified as
Other. The most frequent number of outages in the Other category were at-
tributed to circuit breakers (CRB). In addition, circuit breakers KOOl and
K002 were attributed to 571.6 hours of total outages. The longest outage in
the Other category was 2,259.7 hours (between January and April 1996) due
to a problem with the cell stack. This occurred early on in the demonstration
with 4,174 load hours on the fuel cell. At this time the cell stack was replaced.
In July 1996, an external reverse osmosis water treatment unit was installed
to address hard water problems that were having adverse affects on the fuel
cell operation. Similar characteristics were also observed in other fuel cells
installed in the southwestern region of the country, including Camp Pendle-
ton, Edwards AFB, Davis-Monthan AFB, and Fort Huachuca. After significant
analysis by UTC Fuel Cells, it was concluded that the hard water characteris-
tics of the water supply was contributing to restrictions and blockages in the
cooling system, which subsequently caused some of the fuel cell stacks to
overheat and fail. Hard water is water that contains a high level of dissolved
minerals, most notably calcium and magnesium. The degree of hardness in-
creases with increased levels of calcium and magnesium. When hard water is
heated, the dissolved minerals precipitate out of solution and attaches to
plumbing and heat exchangers. To control the water chemistry of these sys-
tems, water treatment systems were installed.

The fewest number of forced outages by major system type (one occurrence
each) were for the cabinet ventilation, fuel processing, and power section sys-
tems. The outage associated with the power section system was the final out-
age, which was not resolved.

Figure 14 shows a graph of forced outage occurrences.
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Figure 14. Forced outage occurrences by major system types.

Figure 15 shows the average duration of forced outage hours by major system
category. The Thermal Management System (TMS) had the longest average
duration at 765.7 hours per outage. The TMS accounted for 6 outages and a
total of 4,594.4 hours. The shortest TMS outage was 60.1 hours (temperature
control valve: TCV400) and the longest outage was 2,746.3 hours (flow
switch: FS400).

Average Duration of Forced Outages by Major System Type
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Figure 15. Average forced outage durations by major system types.

The outages that occurred most frequently for a specific fuel cell component
were the motorized circuit breakers (MCB) and the air flow transmitter
(FT140). During the demonstration, each of the three MCBs failed and ac-
counted for a total of 1,485.9 hours of fuel cell outage. In addition, FT140 at-
tributed to three forced outages for a combined duration of 695.4 hours.
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These data show that forced outages have a significant impact on the avail-
ability of the fuel cell. The shortest outage lasted for 0.55 hours, and five out-
ages lasted less than 24 hours. Of nine total outages with durations over 30
days, three lasted more than 90 days. Figure 16 shows the distribution of out-
ages by their duration.

Duration of Outages

Number of Outages

0 T T T T T T
lessthan1day  1to5 days 7 to 14 days 1l4to21days 21to28days 30to60days 60to90days greater than 90
days

Figure 16. Number of forced outages by outage duration.

Figure 17 shows the total hours of forced outage based on the major system
category with the OTR at 48 percent and TMS at 28 percent.

Forced Outages by Major Equipment Category

WTS = 400.0 hours
2%

PSS* = Final Outage not
Resolved
0% TMS = 4,594.4 hours

28%

OTR = 7,852.2 hours
48% APS = 252.4 hours

2%

FPS = 279.9 hours
2%

ES = 2,802.3 hours

17%
CVS = 238.8 hours
1%

Total Hours of Forced Outages = 16,420.0 .
* Einal forced ol tage that was-never resolved

Figure 17. Total forced outage hours by major system types.
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4.3 Fuel Cell Stack Degradation

The trend of the fuel cell electrical efficiency based on the lower heating value
(LHV) of natural gas was analyzed based on the hours of fuel cell operation.
The data was acquired through the UTC Fuel Cells’ RADAR system. Data re-
cords are for fuel cell operation when the electrical output was greater than 50
kW in order to eliminate data from fuel cell testing and startup operation.
Note that the data records were not recorded on regular intervals and 3,126
data points were used for this analysis. Figure 18 charts the individual data
points with hours of operation in an X-Y plot. For this data set, the average
LHV electrical efficiency is 36.0 percent.

Twentynine Palms

500 Trending of Electrical Efficiency with Hours of Operation

|Slope =3.9%Decrease per 10,000 Hours

450 1 $
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‘ ¢ Electrical Efficiency Data Electrical Efficiency Regression

Figure 18. Fuel cell stack electrical efficiency degradation over time.

A linear regression was conducted on the data to characterize average effi-
ciency trends for the fuel cell. The regression equation is:

Electric Efficiency % (LHV) = ((Load Hours) x (-1.42574 x 10-4)) + 37.54944

The linear curve fit shows a trend of reduction in electrical efficiency with in-
creasing hours of operation. Table 12 lists the resulting efficiencies at 5,000
load hour intervals.
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Table 12. Trend of electrical efficiency with fuel cell load hours.

Electrical Efficiency
Load Hours LHV (%)

0 37.55

5,000 36.84
10,000 36.12
15,000 35.41
20,000 34.70
25,000 33.99

The data in Table 12 show that the fuel cell electrical efficiency decreased 1.42
basis points for every 10,000 hours of operation. The regression shows that
the average initial electrical efficiency of the fuel cell was approximately 37.55
percent and it decreased at a rate of approximately 3.9 percent per 10,000
hours of operation. For example, the average decrease between 10,000 hours
(36.12 percent) and 20,000 hours (34.70 percent) is:

3.9% = ((36.12% — 34.70%) / 36.12%)

The R Square statistic for the above regression is 0.21. This means that 21
percent of the variation seen in the trend of electrical efficiency can be attrib-
uted to load hours. Thus other factors in the system significantly affect the
changes observed in electrical efficiency. The efficiency data shown in Figure
10 indicate that there are sub-trends in electrical efficiency within the life of
the fuel cell’s operation. Figure 19 shows the outages and identification of ma-
jor system changes. Each of the 36 outages is represented as a circle on the 40
percent efficiency line. The figure identifies five major system changes that
correspond to establishing a distinct electrical efficiency trend. The number
identifier presented for the change corresponds to the outage number as
listed in Table 9. The most significant changes were the installation of a new
cell stack (#4), the installation of an external reverse osmosis (RO) water
treatment system (#8), and the installation of a new fuel valve (#15). The six
operational regions in Figure 11 were analyzed to determine the electrical effi-
ciency trend by major system change. The trend in efficiency for each region
was determined by a linear regression and the slope is reported in terms of
percent change per 10,000 hours of operation. Note that the unit of percent
change per 10,000 is presented for consistency and none of the regions evalu-
ated consists of 10,000 hours of data. Table 13 lists the dates, fuel cell load
hours, system changes and electric efficiency trends for each of the time
frames.
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Figure 19. Electric efficiency trends with major system changes.

Table 13. Major system changes and electrical efficiency trends.

Fuel Cell Load hrs Change to System Slope
Range Date at End of Period at Start of Period (% / 10000 hrs)
A 6/20/95 - 4/17/96 4,174 Initial System No Trend
B 4/17/96 - 8/9/96 5,350 Install new cell stack -1.8%
C 8/9/96 - 11/6/96 7,420 Install RO water treatment 12.7%
D 11/6/96 - 6/5/97 11,782 Repair coolant flow leak in TMS -23.4%
E 6/5/97 - 12/15/98 16,262 Install new fuel valve No Trend
F 12/15/98 - 5/20/00 22,033 Install new heat exchangers -4.6%

Ranges A and E do not have a distinct electrical efficiency trend over the en-
tire region and no major system changes occurred within the time range. The
system changes that occurred around 15,000 hours in region E were mostly
electrical system replacements including the UPS, circuit breakers, and a mo-
torized circuit breaker. The average electrical efficiency in region B (37.4 per-
cent), after the installation of the new cell stack, is greater than the average
electrical efficiency in range A (36.6 percent). The trend in electrical efficiency
in region C is an increase in efficiency over the range indicating that the in-
stallation of the external RO water treatment system had a positive impact on
fuel cell performance by reducing and avoiding scaling within the thermal
management system. Range D shows a strong decreasing trend of electrical
efficiency after the repair of a coolant flow leak. It is not anticipated that this
would result in an accelerated decrease in efficiency. The malfunctioning fuel
valve that was replaced at outage #15 could possibly explain the trend. The
trend in region F shows an anticipated gradual decrease in efficiency as the
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hours of operation are increasing. Overall, with the data available it is difficult
to make a definitive conclusion with respect to the trend of electrical effi-
ciency with load hours.

The trend of the fuel cell stack cell voltage was analyzed based on the hours of
fuel cell operation. The data is based on the same readings acquired through
the UTC Fuel Cells’ RADAR system as the electrical efficiency presented
above. The individual data points are plotted with hours of operation in an X-
Y plot (Figure 20). The average cell voltage for the data is 0.633 volts.
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Figure 20. Fuel cell stack cell voltage degradation over time.

A linear regression was conducted on the data to characterize average cell
voltage trends for the fuel cell. The resulting equation is:

Cell Volts = ((Load Hours) x (-2.1071 x 10-%)) + 0.656387 Eq.1

The regression shows a reduction in cell voltage with increased hours of op-
eration. Table 14 lists the resulting cell voltages at 5,000 load hour intervals.



ERDC/CERL TR-06-17

43

Table 14. Trend of cell voltage with fuel cell load hours.

Load Hours | Cell Voltage
0 0.656
5000 0.646
10,000 0.653
15,000 0.625
20,000 0.614
25,00 0.604

The fuel cell’s cell voltage decreased at a rate of 0.021 volts per 10,000 hours
of operation. The linear curve fit shows that the initial cell voltage was ap-
proximately 0.656 volts and that it decreased at an average rate of 3.3 percent
per 10,000 hours of operation. For example, the average decrease between
10,000 hours (0.635) and 20,000 hours (0.614) is:

3.3% = ((0.635 — 0.614) / 0.635)

The R Square statistic for the above regression is 0.27. This means that 27
percent of the variation seen in the trend of cell voltage can be attributed to
load hours. Thus, other factors in the system are significantly affecting the
changes observed in cell voltage. The cell voltage data (Figure 20) show that
there are sub-trends in cell voltage during the life of the fuel cell’s operation.
Since the cell voltage is affected by the electrical output of the fuel cell, an ad-
ditional analysis was conducted. The data was sorted by the fuel cell electric
output for the most frequent operating levels of 200 kW, 175 kW, 150 kW and
125 kW. Then a linear regression was conducted for load hours greater than
5,000 hours (i.e., for the fuel cell after the stack was replaced). The results of
the analysis are listed in Table 15.

Table 15. Cell voltage analysis by electrical output.

Fuel Cell Output 200 kW | 175 kW | 150 kW | 125 kW
Data points 1075 126 336 823
R Square Statistic 0.80 0.53 0.45 0.88
Slope (%/10,000 hrs) -13.9% | -12.3% -5.2% -6.2%

The analysis shows that the curve fit was very good for the 200 kW and 125
KW regressions with R Squared values of 0.8 and 0.88 respectively. This indi-
cates that 80 to 88 percent of the decrease in cell voltage can be attributed to
load hours for these data sets. The 175 kW and 150 kW regressions have R
Squared values of approximately 0.50 indicating that approximately 50 per-
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4.4

cent of the decline in the cell voltage can be attributed to the load hours for
this data set. This is still an improved model of predictor to the original re-
gression model. The slopes of the lines for the 200 kW and 175 kW power lev-
els are significantly higher than the 150 kW and 125 kW levels. The reason for
the difference cannot be explained by the lower number of data points at the
150 kW level since there are a significant number of data points at the 125 kW
level. Figure 21 shows the regression lines of the analysis for each data set
projected over the entire fuel cell operating range.

Cell Voltage Trends by Electric Output
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Figure 21. Cell voltage trends by electric output.

While the efficiency remains relatively constant along the various fuel cell
power levels, power plant cell voltages tend to increase at lower electric out-
put levels. This is most evident for fuel cell operation greater then 11,000 load
hours. There is no data to indicate why the slope of the data varies at the dif-
ferent power levels.

Fuel Cell Maintenance Activities

UTC Fuel Cells had overall responsibility for maintenance on the fuel cell dur-
ing the 5-year demonstration period. GBC Electrical Services, as the mainte-
nance contractor, performed most maintenance activities under the guidance
of UTC Fuel Cells.
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Invoices from GBC Electrical Services were obtained to assess maintenance
activity levels. GBC Electrical Services is actually located in Twentynine Palms
which meant that there was no extensive travel required for maintenance ac-
tivities. Table 16 lists the number of maintenance days at the site and total la-
bor hours by year.

Table 16. Maintenance days and labor hours by year.

Year | Days at Site Labor Hrs.
1995 6 22.5
1996 60 605.0
1997 35 249.5
1998 58 401.5
1999 45 293.0
2000 13 76.5
Total 217 1,648

Tables 17 through 22 list the date, labor hours and a brief description of the
maintenance activities that were billed between the years 1995 and 2000.

Table 17. Maintenance activities in 1995.

1995 Labor Hrs Description of Activity

2-Nov 7.0 Started fuel cell using catalyst reduction procedure

8-Nov 1.0 Performed water conductivity test at HV-453 and HV-431

16-Nov 1.0 Performed water conductivity test at HV-453, HV-452 and HV-431

11-Dec 10.0 Performed water conductivity test at HV-453, HV-452 and HV-431; recharged resin bottles
13-Dec 2.5 Performed voltage test using sub stack voltage measurement box (150 kW & 200 kW)
28-Dec 1.0 Performed water conductivity test at HV-453 and HV-431

Table 18. Maintenance activities in 1996.

1996 Labor Hrs Description of Activity

13-Jan 2.0 Checked fuses and replaced one blown fuse; checked amps on each phase
14-Jan 2.0 Problem with stack voltage; power level reduced to 100 kW and then shut down fuel cell
26-Jan 5.0 Preparation for steam cleaner

29-Jan 8.5 Preparation for steam cleaner

30-Jan 10.0 Preparation for steam cleaner

31-Jan 10.5 Preparation for steam cleaner

2-Feb 11.0 Preparation for removal of fuel cell stack

3-Feb 10.0 Continued with cell stack wet-up procedures in preparation for removal
5-Feb 9.0 Continued with cell stack wet-up procedures in preparation for removal
6-Feb 18.0 Continued with cell stack wet-up procedures in preparation for removal
8-Feb 26.0 Fuel cell stack removed and secured in shipping crate

21-Mar 8.0 Preparation for Water Treatment System (WTS) cleaning
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1996 Labor Hrs Description of Activity

22-Mar 10.0 Flush fuel cell Water Treatment System

23-Mar 10.0 Continue with Water Treatment System cleaning

25-Mar 10.0 Continue with Water Treatment System cleaning

26-Mar 89.0 Continue with Water Treatment System cleaning

27-Mar 9.0 Continue with Water Treatment System cleaning; prepare for arrival of new fuel cell stack
28-Mar 23.0 Receive and install new fuel cell stack

29-Mar 8.0 Continue with Water Treatment System cleaning

1-Apr 9.0 Continue with Water Treatment System cleaning

2-Apr 17.0 Continue with Water Treatment System cleaning

3-Apr 14.0 Complete flushing of Water Treatment System

9-Apr 9.5 Install retrofits with UTC Fuel Cells

10-Apr 10.0 Install retrofits with UTC Fuel Cells

11-Apr 14.0 Install retrofits with UTC Fuel Cells

12-Apr 10.0 Install retrofits with UTC Fuel Cells

15-Apr 7.5 Start-up fuel cell

16-Apr 6.0 Repair heater 400

17-Apr 10.0 Start fuel cell with reduction process

18-Apr 12.0 Finish details and adjust new valve 400

19-Apr 12.5 Final setting on valve 400

20-Apr 3.0 Testing of grid-independent capability during site outages; ramp up fuel cell to 200 kW
27-Apr 6.5 Attempted to restart fuel cell several times and conducted water sampling; reformer burner (BEO30)

malfunctioning

3-May 8.5 Repair process steam control valve (CV500) and start fuel cell
4-May 3.5 Attempted to restart fuel cell

13-May 4.0 Worked on electrical systems

12-Jun 4.5 Prepared to install reverse osmosis unit

13-Jun 6.0 Modifications made to Water Treatment System
14-Jun 8.5 Start-up fuel cell

17-Jun 6.5 Replace circuit breaker and relay

18-Jun 5.0 Start fuel cell

19-Jun 6.5 Conduct water testing

8-Jul 9.0 Water recovery testing

9-Jul 9.0 Water recovery testing

10-Jul 9.0 Water recovery testing

11-Jul 8.0 Install reverse osmosis unit

12-Jul 7.0 Install reverse osmosis unit

16-Jul 7.5 Install reverse osmosis unit

17-Jul 9.0 Install reverse osmosis unit electrical

18-Jul 14.0 Install reverse osmosis unit enclosure

19-Jul 7.0 Install reverse osmosis unit and initiate operation
9-Aug 9.5 Start fuel cell

22-Aug 6.0 Increase power level to 200 kW and perform water testing
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1996 Labor Hrs Description of Activity

4-Nov 4.0 Troubleshooting

6-Nov 8.0 Replace module and start

7-Nov 2.0 Increase power level and conduct water testing
12-Nov 8.0 Change out resin and charcoal

13-Nov 1.0 Conduct water testing

3-Dec 6.0 Restart power plant

7-Dec 8.0 Restart power plant

Table 19. Maintenance activities in 1997.

1997 Labor Hrs Description of Activity

17-Jan 9.0 Troubleshot circuit breaker KOO2

18-Jan 7.0 Changed relay K2, cleaned fire eye and attempted to start fuel cell
21-Jan 11.5 Attempted to start fuel cell

22-Jan 12.0 Attempted to start fuel cell

23-Jan 8.0 Trouble shooting system

24-Jan 6.0 Trouble shooting system and replace fire eye

27-Jan 1.0 Change out Water Treatment System bottles

28-Jan 10.0 Changed pump 451 and started fuel cell

8-Feb 7.5 Restart fuel cell

11-Mar 9.0 Quarterly maintenance and change our resin

12-Mar 7.0 Restart fuel cell

3-Apr 10.0 Worked on leaks and restarted fuel cell

1-May 3.5 Attempted to fix leak on discharge side of pump 451

29-May 2.0 Trouble shot flow control valve (FCV012)

5-Jun 36.0 Perform annual maintenance and install new fuel valve

7-Jul 5.0 Changed out pump 451 and checked valve 541

8-Jul 5.0 Attempted to start fuel cell (FCV140 stuck)

9-Jul 7.0 Replace FCV140 and attempted to start fuel cell unsuccessfully
10-Jul 2.0 Tested FT140 and identified that part failed

11-Jul 5.0 Replaced FT140 and attempted to start fuel cell unsuccessfully
12-Jul 7.0 Cleaned fire eye and restarted power plant

24-Jul 4.0 Worked with UTC Fuel Cells personnel at site

4-Aug 4.0 Worked with UTC Fuel Cells personnel at site

5-Aug 8.0 Worked with UTC Fuel Cells personnel at site

6-Aug 6.0 Changed union FO420

12-Aug 5.0 Worked with UTC Fuel Cells personnel at site

13-Aug 8.0 Worked with UTC Fuel Cells personnel at site

15-Aug 4.5 Worked with UTC Fuel Cells personnel at site

2-Sep 1.0 Put power plant back in water conditioning mode

16-Sep 7.5 Removed old batteries from UPS and found that the replacements were wrong
18-Sep 7.5 Changed batteries in UPS and changed nitrogen bottles
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1997 Labor Hrs Description of Activity
23-Sep 8.0 Drained water from fuel cell; removed and reinstalled pump 451 and put power plant in water condition-
ing
24-Sep 7.5 Attempted to start fuel cell unsuccessfully and troubleshot failure
30-Sep 4.0 Cleaned fire eye and restarted power plant
26-Dec 4.0 Attempted to start the fuel cell
Table 20. Maintenance activities in 1998.
1998 Labor Hrs Description of Activity
5-Jan 3.0 Troubleshot circuit breaker CBO02
20-Jan 17.0 Remove and replace pump 820
22-Jan 7.0 Installed motor controller and started power plant
23-Jan 11.0 Troubleshot shutdown, replaced FCVO12 and started power plant
27-Feb 8.0 Changed resin and charcoal bottles
16-Mar 6.0 Drained the system; put new O-rings in FCU400 and refilled the system
17-Mar 8.5 Started fuel cell
18-Mar 1.0 Attempted to restart power plant
24-Mar 6.0 Replaced circuit breaker mechanisms and restarted power plant
26-Mar 13.0 Checked wiring in CB K001, KOO2 & K003 and replaced I/0 modules and relays
6-Apr 2.0 Troubleshot UPS problem
9-Apr 16.0 Removed and replaced UPS and started power plant
14-Apr 3.0 Removed and replaced panels from fuel cell
16-Apr 5.5 Installed PC7 ribbon cable; started power plant; changed out nitrogen bottles
20-Apr 3.0 Worked with UTC Fuel Cells on phone as they could not communicate directly with fuel cell
8-May 4.0 Troubleshot communications problem
11-May 12.0 Changed out MCBOO3; started power plant; conducted cell stack tests at idle, 100 kW and 150 kW
12-May 4.0 Worked with UTC Fuel Cells on phone; took cell stack readings
18-May 10.0 Took out J pipes and put in bypass pipes; took out BP440 and put in bypass
19-May 16.0 Started steam cleaning and conducted water testing
20-May 19.0 Steam cleaning and water testing
21-May 2.0 Steam cleaning and water testing
22-May 10.0 Steam cleaning and water testing
26-May 6.0 Cleaned cell stack assembly (CSA)
27-May 12.0 Cleaned cell stack assembly (CSA)
28-May 9.0 Cleaned cell stack assembly (CSA)
29-May 10.0 Cleaned cell stack assembly (CSA)
2-Jun 6.0 Cleaned and greased fittings
3-Jun 8.0 Changed SAC metals
4-Jun 12.0 Cleaned wire box, etc.
5-Jun 7.0 Put fuel cell back together
8-Jun 8.0 Worked with UTC Fuel Cells personnel at site
9-Jun 13.0 Worked with UTC Fuel Cells personnel at site
10-Jun 7.0 Worked with UTC Fuel Cells personnel at site
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1998 Labor Hrs Description of Activity
11-Jun 8.5 Worked with UTC Fuel Cells personnel at site
12-Jun 4.0 Worked with UTC Fuel Cells personnel at site
16-Jun 8.0 Worked with UTC Fuel Cells personnel at site
17-Jun 5.0 Worked with UTC Fuel Cells personnel at site
18-Jun 2.0 Worked with UTC Fuel Cells personnel at site
19-Jun 4.0 Worked with UTC Fuel Cells personnel at site
23-Jun 12.0 Ran chemicals through reverse osmosis unit to clean in place; replaced final pressure gauge
24-Jun 5.5 Started reverse osmosis unit and replaced filter
2-Jul 2.0 Conducted grid connect/grid-independent test
31-Jul 2.0 Conducted grid connect/grid-independent test
28-Aug 2.0 Conducted grid connect/grid-independent test
15-Sep 1.0 Checked to make sure cooling fans were on and working
16-Sep 2.0 Reset logic so cooling fans would cool stack; flushed reverse osmosis unit for 15 minutes
28-Sep 2.0 Put fuel cell back into water conditioning; flushed reverse osmosis system
30-Sep 4.5 Worked with UTC Fuel Cells personnel at site
1-Oct 9.5 Worked with UTC Fuel Cells personnel at site; install two heat exchangers
2-Oct 9.0 Worked with UTC Fuel Cells personnel at site; install two heat exchangers
3-Oct 4.5 Worked with UTC Fuel Cells personnel at site
23-Oct 2.0 Conducted grid connect/grid-independent test
5-Nov 2.0 Install modem cable
6-Nov 2.0 Troubleshot lockout relay
14-Dec 4.5 Changed flow meter and attempted to start power plant
15-Dec 10.5 Turned gas on and cleaned fire eye; started power plant and did two shift reducing tests
16-Dec 8.0 Tuned power plant; restarted power plant after gas outage
Table 21. Maintenance activities in 1999.
1999 Labor Hrs |Description of Activity
22-Feb 4.0 Checked bottom of cell stack looking for acid residue
23-Feb 6.0 Checked bottom of cell stack looking for acid residue
25-Feb 17.0 Prepared fuel cell for megohmmeter test; repaired water leak at reverse osmosis unit
26-Feb 7.0 Isolated cell stack and tested with megohmmeter
9-Mar 10.0 Troubleshot short in cell stack assembly
10-Mar 9.0 Continued looking for leak in CSA manifold and cleaned area
11-Mar 4.0 Retested CSA for short
12-Mar 2.0 Retested CSA for short; placed a space heater in CSA area to dry water from cleaning
16-Mar 11.0 Had CSA patch modified to fit; installed patch and retested CSA
5-Apr 4.0 Worked on CSA base insulators
6-Apr 18.0 Installed base insulators; reassembled CSA and cabinet; started power plant
19-May 1.0 Troubleshot hot shut down; put power plant in cool down
20-May 12.0 Troubleshot FT140 shutdown; repaired leaks in water treatment system; started power plant
21-May 35 Changed water treatment system bottles
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4-Jun 7.0 Troubleshot FT140 and attempted to fix leak on FO420 union; left power plant in P15
8-Jun 2.0 Replaced FT140 and took apart FO420
9-Jun 3.0 Worked with welder
10-Jun 6.0 Attempted to start power plant
11-Jun 8.0 Attempted to start power plant
14-Jun 9.0 Attempted to start power plant
15-Jun 6.5 Troubleshot TCV400
16-Jun 7.5 Rebuilt TCV400
18-Jun 13.0 Attempted to start power plant; replaced TCV400.
17-Jul 1.0 Put power plant back in water conditioning
21-Jul 2.0 Replaced PC19 card; put power plant back in water conditioning
10-Aug 8.0 Troubleshot FT140
11-Aug 12.0 Attempted to start power plant
12-Aug 9.0 Cleaned fire eye and attempted to start power plant
13-Aug 5.5 Attempted to start power plant
20-Aug 8.0 Attempted to start power plant; worked with UTC Fuel Cells on phone
24-Aug 7.0 Attempted to start power plant; worked with UTC Fuel Cells on phone
25-Aug 8.0 Attempted to start power plant; worked with UTC Fuel Cells on phone
26-Aug 10.0 Attempted to start power plant; worked with UTC Fuel Cells on phone
27-Aug 5.0 Attempted to start power plant; found bad valve FCV140
31-Aug 13.0 Attempted to start power plant; changed brakes on FCV110; worked with UTC Fuel Cells on phone
1-Sep 4.0 Attempted to start power plant
2-Sep 8.0 Changed Filter 100; started power plant and left at 125 kW
9-Sep 3.0 Changed out water treatment system bottles
14-Oct 2.0 Analyzed the modem and made sure it was operating properly
15-Oct 2.0 Worked with UTC Fuel Cells on phone
17-Oct 1.0 Put power plant back in water conditioning
18-Oct 2.0 Attempted to start power plant; leak detected and shut down power plant
1-Nov 9.0 Repaired pump 450 water leak; started power plant
3-Dec 2.0 Rerouted conductivity sensor for DMN450 bottles
12-Dec 1.0 Troubleshot pump 400
Table 22. Maintenance activities in 2000.
2000 Labor Hrs | Description of Activity
6-Jan 1.0 Removed old 50 amp breaker
18-Jan 1.0 Installed 50 amp breaker for heater 400
19-Jan 6.0 Changed heater 400
20-Jan 8.5 Flushed system
21-Jan 8.0 Attempted to start power plant; troubleshot failed start
24-Jan 9.5 Troubleshot FO400 and attempted to start power plant
27-Jan 8.0 Rebuilt CV500 and attempted to start power plant
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2000 Labor Hrs | Description of Activity
28-Jan 5.0 Worked with UTC Fuel Cells on phone; checked FO420, flow orifices and leak down on water tank
10-Feb 7.0 Changed out FS400 and FO420/440
11-Feb 6.0 Started power plant and power plant shutdown
15-Feb 5.0 Troubleshot FS400 problem
31-Mar 3.0 Changed out FS400
3-Apr 8.5 Started power plant
4.5 Fuel Cell Retrofits

4.6

As part of the fuel cell demonstration and overall fuel cell development, UTC
Fuel Cells refined the fuel cell design based on operational experience gained
through the operation of the fleet of fuel cells. These improvements and modi-
fications were classified as retrofits. Once a retrofit was developed, it would be
incorporated into the production of new fuel cells or retrofit in the field for
installed fuel cells. The details of the retrofits are considered proprietary in-
formation by UTC Fuel Cells and are not available for this report. The data in
Tables 17 through 22 show that the only retrofit that was added to the fuel cell
in the field was during 9—12 April 1996. At this time there was a modification
to the Thermal Management System to modify piping and a flow control
valve. The objective of the retrofit was to increase the rate of heat transfer off
the stack so the appropriate stack temperature could be maintained when the
level of heat generated by the stack increases toward the end of the stack life.

Fuel Cell Operation and Outage Summary

Appendix E shows the operational and outage periods for each hour within
the 60 months that the fuel cell was active (June 1995 to May 2000). The out-
age times are highlighted in gray along with a listing of the outage number,
duration in hours and minutes, and a brief description of the shutdown. Days
where on-site maintenance was performed is shown graphically by an 8-hour
box. GBC Electrical Services, the maintenance contractor, provided mainte-
nance activity records.
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Fuel Cell Economics

Hospital Energy Costs

The Naval Hospital, as a tenant at MCAGCC Twentynine Palms, pays the Base
for its electricity usage. The Base purchases electricity from Southern Califor-
nia Edison (SCE) under a time of use rate schedule, TOU-8. This rate has a
summer and winter season consisting of on-peak, mid-peak and off-peak time
periods. Table 23 lists the structure of the TOU-8 tariff. The difference be-
tween the facility-related demand charge and the time-related demand
charges are the method of calculation. The facility-related demand charge is
the highest demand over any 15-minute period during the billing period. The
time-related demand charge is determined as the highest demand over any
15-minute period for the time periods defined (on-peak, mid-peak and off-
peak). Typically, the on-peak demand charge is the highest cost of all the de-
mand charges and the off-peak demand charge is zero.

Table 23. SCE TOU-8 rate structure.

Summer Winter

Months June - September October - May

On Peak Period | Noon - 6:00 pm None

Mid-Peak Period | 8:00 am - Noon 8:00 am - 9:00 pm
6:00 pm - 11:00 pm

Off-Peak Period | All other hours and holidays All other hours and holidays

Charges Facility Charge ($/meter) Facility Charge ($/meter)
Energy Charge ($/kWh) Energy Charge ($/kWh)
Facility-Related Demand Charge ($/kW) | Demand Charge ($/kW)
Time-Related Demand Charge ($/kW) Excess Transformer Capacity ($/kVA)
Excess Transformer Capacity ($/kVA) Power Factor Adjustment ($/kVA)
Power Factor Adjustment ($/kVA)

The Base purchases natural gas from two sources, a contracted commodity
purchase through a gas provider for the central plant and Southern California
Gas Company (SoCalGas). The costs that are passed on to the Hospital are the
SoCalGas costs, which are billed under tariff GN-20.

Records of the Hospital electric and natural gas consumption were collected
from the Base for the period of October 1997 through 2001. Data for the pe-
riod of June 1995 through September 1997 were not available. Tables 24
through 27 list the data for the periods of FY 98 through FYOL1 respectively.
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Table 24. Hospital energy bills for FY98.

ELECTRICITY NATURAL GAS
Month Consumption Costs Average Cost Consumption Costs Average Cost
kWh $ $/kWh Therms $ $/Therm
October 1997 299,240.00 $31,120.96 $0.1040 16,426.00 $9,527.08 $0.5800
November 1997 226,400.00 $23,545.60 $0.1040 17,097.00 $9,916.26 $0.5800
December 1997 223,749.00 $23,269.90 $0.1040 15,964.00 $9,259.12 $0.5800
January 1998 230,189.00 $23,939.66 $0.1040 4,964.00 $2,879.12 $0.5800
February 1998 215,949.00 $22,458.70 $0.1040 19,574.00 $11,352.92 $0.5800
March 1998 496,120.00 $50,455.40 $0.1017 8,936.00 $3,642.49 $0.4076
April 1998 576,360.00 $58,615.81 $0.1017 12,754.00 $5,198.79 $0.4076
May 1998 531,384.00 $54,041.75 $0.1017 11,891.00 $4,847.01 $0.4076
June 1998 534,800.00 $54,389.16 $0.1017 4,884.00 $1,990.82 $0.4076
July 1998 729,840.00 $74,224.73 $0.1017 3,789.00 $1,544.47 $0.4076
August 1998 602,368.00 $61,260.83 $0.1017 3,392.00 $1,382.65 $0.4076
September 1998 738,360.00 $75,091.21 $0.1017 3,506.00 $1,429.12 $0.4076
ﬁotal 5,404,759.00 $552,413.71 $0.1022 123,177.00 $62,969.85 $0.5112
Table 25. Hospital energy bills for FY99.
ELECTRICITY NATURAL GAS
Month Consumption Costs Average Cost Consumption Costs Average Cost
kWh $ $/kWh Therms $ $/Therm
October 1998 738,360.00 $75,091.21 $0.1017 3,506.00 $1,429.12 $0.4076
November 1998 390,320.00 $39,695.54 $0.1017 6,489.00 $2,645.05 $0.4076
December 1998 403,040.00 $40,989.17 $0.1017 11,868.00 $4,837.63 $0.4076
January 1999 440,384.00 $44,787.05 $0.1017 12,710.00 $5,180.85 $0.4076
February 1999 601,480.00 $61,170.52 $0.1017 10,960.00 $4,467.52 $0.4076
March 1999 474,056.00 $48,211.50 $0.1017 6,784.00 $2,765.29 $0.4076
April 1999 401,744.00 $40,857.36 $0.1017 8,963.00 $3,653.50 $0.4076
May 1999 731,272.00 $74,370.36 $0.1017 10,906.00 $4,445.50 $0.4076
June 1999 268,488.00 $27,305.23 $0.1017 2,321.00 $946.09 $0.4076
July 1999 739,904.00 $75,248.24 $0.1017 5,399.00 $2,200.74 $0.4076
August 1999 765,336.00 $77,834.67 $0.1017 1,361.00 $554.77 $0.4076
September 1999 626,250.00 $63,689.63 $0.1017 4,997.00 $2,036.88 $0.4076
ﬁotal 6,580,634.00 $669,250.48 $0.1017 86,264.00 $35,162.94 $0.4076
Table 26. Hospital energy bills for FYQ0O.
ELECTRICITY NATURAL GAS
Month Consumption Costs Average Cost Consumption Costs Average Cost
kWh $ $/kWh Therms $ $/Therm
October 1999 635,480.00 $64,628.32 $0.1017 10,005.00 $4,078.24 $0.4076
November 1999 528,448.00 $53,743.16 $0.1017 9,963.00 $4,061.12 $0.4076
December 1999 628,096.00 $63,877.36 $0.1017 10,983.00 $4,476.89 $0.4076
January 2000 531,176.00 $54,020.60 $0.1017 10,080.00 $4,108.81 $0.4076
February 2000 569,184.00 $57,886.01 $0.1017 11,500.00 $4,687.63 $0.4076
March 2000 503,752.00 $51,231.58 $0.1017 7,500.00 $3,057.15 $0.4076
April 2000 455,672.00 $46,341.84 $0.1017 7,000.00 $2,853.34 $0.4076
May 2000 648,536.00 $65,956.11 $0.1017 6,500.00 $2,649.53 $0.4076
June 2000 666,224.00 $67,754.98 $0.1017 3,000.00 $1,222.86 $0.4076
July 2000 574,560.00 $58,432.75 $0.1017 3,000.00 $1,222.86 $0.4076
August 2000 622,968.00 $63,355.85 $0.1017 4,500.00 $1,834.29 $0.4076
September 2000 682,305.00 $69,390.42 $0.1017 4,252.00 $1,733.20 $0.4076
ﬁotal 7,046,401.00 $716,618.98 $0.1017 88,283.00 $35,985.92 $0.4076
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Table 27. Hospital energy bills for FYOL.

ELECTRICITY NATURAL GAS
Month Consumption Costs Average Cost Consumption Costs Average Cost
kWh $ $/kWh Therms $ $/Therm
October 2000 620,440.00 $63,098.75 $0.1017 6,931.00 $4,851.70 $0.7000
November 2000 509,856.00 $51,852.36 $0.1017 3,573.00 $2,501.10 $0.7000
December 2000 622,712.00 $63,329.81 $0.1017 10,550.00 $7,385.00 $0.7000
January 2001 538,968.00 $54,813.05 $0.1017 5,256.00 $3,679.20 $0.7000
February 2001 480,480.00 $48,864.82 $0.1017 11,500.00 $8,050.00 $0.7000
March 2001 515,000.00 $52,375.50 $0.1017 11,500.00 $8,050.00 $0.7000
April 2001 524,000.00 $78,600.00 $0.1500 8,000.00 $7,600.00 $0.9500
May 2001 581,936.00 $87,290.40 $0.1500 8,000.00 $7,600.00 $0.9500
June 2001 581,672.00 $87,250.80 $0.1500 8,000.00 $7,600.00 $0.9500
July 2001 620,984.00 $93,147.60 $0.1500 8,000.00 $7,600.00 $0.9500
August 2001 489,488.00 $73,423.20 $0.1500 8,000.00 $7,600.00 $0.9500
September 2001 553,231.00 $82,984.65 $0.1500 8,000.00 $7,600.00 $0.9500
ﬁotal 6,638,767.00 $837,030.94 $0.1261 97,310.00 $80,117.00 $0.8233

Figure 14 shows the annual trend in Hospital electric consumption and Figure
15 shows the annual trend in Hospital natural gas consumption.
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Figure 22. Annual hospital electric consumption.
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5.2

Twentynine Palms
Hospital Natural Gas Consumption
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Figure 23. Annual hospital natural gas consumption.

Fuel Cell Maintenance Costs

Table 28 lists the maintenance costs for services provided by GBC Electrical
Services between 1995 through the end of the demonstration project. Labor
was the highest cost category at $76,969. Labor hours averaged 330 work-
hours per 12 months. The highest number of work-hours in a calendar year
was 605 in 1996. Nitrogen costs totaled $21,472. Spread across the 36 out-
ages that occurred, this averages $596 per outage. While charcoal used in the
water treatment system was a relatively minor cost (~$500/year), resin was a
significant program cost totaling nearly $25,000. A bed of ion-exchange resin
is used to soften the water in the water treatment system. The softening proc-
ess exchanges calcium and magnesium ions in the water for sodium ions in
the resin. Resin costs work out to approximately $1,120 per one thousand op-
erating hours. Appendix F presents maintenance costs by Invoice date.
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Table 28. Summary of fuel cell maintenance costs.

CATEGORY 1995 1996 1997 1998 1999 2000 TOTALS
Labor Hours 22,5 605 2495 401.5 293 76.5 1,648
Labor Costs $968 $24,598 $12,475 $18,925 $15,772 $4,233 $76,969
Nitrogen Costs $1,188 $6,459 $6,422 $3,100 $3,285 $1,018 $21,472
Charcoal (cu. ft.) 0 4 4 4 4 0 16
Charcoal Costs $0 $372 $372 $372 $392 $0 $1,508
Resin (cu. ft.) 0 41 27 18 16 0 102
Resin Costs $0 $10,395 $6,102 $4,068 $4,240 $0 $24,805
Other Costs $32 $11,877 $1,485 $1,716 $2,627 $1,746 $19,484
Travel Costs $0 $0 $0 $0 $154 $33 $187
Shipping Costs $34 $122 $572 $304 $0 $0 $1,031
TOTALS $2,222 $53,823 $27,428 $28,485 $26,470 $7,029 $145,457

The cost of maintenance over the entire operating period as shown above was
$145,457. This corresponds to an average maintenance cost of approximately
4.12 cents/kWh ($145,457/ 3,533,735 kWh) for all the electricity supplied to
the Naval Hospital. This represents $29,091/year over the 5-year demonstra-
tion period. Note that the maintenance costs presented do not in-
clude the cost of any parts or equipment provided by UTC Fuel
Cells to repair or modify the fuel cell.

Figure 24 shows the trend in annual maintenance costs for the fuel cell. Note
that the costs presented for 1995 and 2000 are for approximately 6 months
each as the fuel cell started operation on 20 June 1995 and concluded opera-
tion on 26 May 2000. The high costs on 1996 are attributed to the hard water
problems and the resulting water treatment system installation.

Twentynine Palms Fuel Cell
Annual Maintenance Costs
$60,000
$50,000 A
@ $40,000
g
O $30,000 -
B
o
= $20,000 -
$10,000
Y N
1995 1996 1997 1998 1999 2000
Calendar Year

Figure 24. Annual trend in fuel cell maintenance costs.
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5.3

5.4

Fuel cell maintenance costs for the 5-year demonstration period were in-
cluded in the original purchase contract with the fuel cell manufacturer. First
year maintenance costs were included in the original fuel cell purchase price.
For the final 4 years of contract maintenance, UTC Fuel Cells was paid
$137,200 ($34,300 per year).

Fuel Cell Energy Savings

Energy savings from the fuel cell were calculated based the Naval Hospital’s
monthly electric and natural gas energy bills. Average monthly rates were ap-
plied to monthly fuel cell electrical and thermal output as well as the input
fuel. For periods where electricity and natural gas bills were not available,
costs were interpolated. Table 29 lists the annual energy savings delivered by
the fuel cell. Net energy savings for this site over the entire program were
$131,761.

Table 29. Annual energy savings at naval hospital.

1995 1996 1997 1998 1999 2000 Total
Electric Savings $44,369 | $67,106 | $96,435| $32,278 | $53,055| $14,318 | $307,560
Thermal Savings $1,341 $1,949 $2,032 $142 $93 $50 $5,557
Total Savings $45,710 | $69,054 | $98,467 | $32,420 | $53,148 | $14,318 | $313,118

Natural Gas Costs $33,418 | $42,947 | $57,134 | $18,003 | $23,415 $6,357 | $181,273

Net Savings $12,292 | $26,107 | $41,333 | $14,417 | $29,733 $7,961 | $131,844

Overall electric savings were $307,560 with a maximum annual savings of
$96,435 occurring in 1997. The modest level of thermal heat recovery from
the fuel cell and used by the Hospital resulted in a total natural gas savings of
$5,557. The value of the recovered heat was greatest in 1997 with savings of
$2,032. The cost of natural gas to operate the fuel cell totaled $181,273 over
the course of the demonstration. This amount corresponds to a fuel cost for
electric generation of $0.0515/kWh ($181,273/3,522,400 kWh). Figure 25
shows the trend in annual energy savings.

Fuel Cell Lifecycle Costs

The fuel cell lifecycle cost analysis is presented for the operational life of the
fuel cell at MCAGCC Twentynine Palms. At the end of the demonstration, the
fuel cell was removed. Therefore, the costs and operation in this report cover
the entire life of the fuel cell (20 June 1995 — 20 May 2000). Note that the
cost of fuel cell removal is not included in the analysis.
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Twentynine Palms Fuel Cell Energy Savings
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Figure 25. Annual fuel cell energy savings.

The installed cost of the fuel cell was $1,200,000. The lifecycle cost analysis
uses the utility rates presented in section 5.1, the maintenance costs presented
in section 5.2 and the savings presented in section 5.3. Note that the analysis
is based on the average cost of electricity that the Hospital is charged. That is
to say that demand savings are not calculated separately in the analysis. A re-
view of the data shows that demand savings would have been realized in only
ten of the 59 full months of operation and that the average demand reduction
for the 10 months would have been 170.1 KW. The criterion for determining
demand savings is that the fuel cell was operational during all hours of the
peak period hours for the calendar month. In two cases the fuel cell was down
during the month, but the entire outage occurred during non-peak time peri-
ods. Table 30 lists the months in which the facility demand savings could have
been attributed to the fuel cell and the average output of the fuel cell during
the month. Note that for the SCE TOU-8 tariff that the peak demand is appli-
cable during the months of June through September. The data in Table 30
show that the peak demand savings would have occurred on only three of the
months, July 1995, August 1995, and September 1996.
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Table 30. Fuel cell demand savings.

Fuel Cell
Month of Demand Savings | Demand Savings
July 1995 200
August 1995 143
December 1995 158
September 1996 200
October 1996 200
February 1997 200
October 1997 150
November 1997 150
February 1998 175
January 1999 125
Number of Months 10
Average Demand 170

Data in Table 31 represent the lifecycle cost analysis. The analysis allocates
the capital cost of the fuel cell in the 1995 calendar year. In addition, values
are actual costs and are not adjusted to a base year. The analysis shows that
the operational costs exceeded the savings in 1996 and 1998 and that the cu-
mulative operational savings were negative at the end of the period of analy-

SIS.
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Table 31. Lifecycle cost analysis.

Year 1995 1996 1997 1998 1999 2000
Hours of Operation

Operation Hours/Yr. 3,705 4,836 5,970 1,989 4,253 1,136
Total Operation Hours 3,705 8,542 14,512 16,501 20,755 21,890
Hours Since Overhaul 3,705 8,542 14,512 16,501 20,755 21,890
Operation Values

Electrical Eff (%) 32.4% 33.3% 32.0% 30.6% 31.0% 30.8%
Thermal Eff (%) 3.2% 3.6% 2.9% 0.6% 0.3% 0.0%
Demand Disp. (kW) 501 400 500 175 125 -
Electric Output (MWh) 633.8 838.8 1071.5 315.8 521.7 140.8
Thermal Displ. (MMBTU) 268.25 389.75 406.38 27.88 22.75 0.00
Fuel Input (MMBTU) 6683.6 8589.4 11426.7 3521.7 5744.5 1559.6
Average Energy Rates

Demand Rate ($/kW): - - - - - -
Electric Rate ($/kWh): 0.0700 0.0800 0.0900 0.1022 0.1017 0.1017
Facility Gas Rate ($/MMBTU): 5.00 5.00 5.00 5.11 4.08 4.08
Generator Gas Rate ($/MMBTU): 5.00 5.00 5.00 5.11 4.08 4.08
GENERATOR SAVINGS

Energy Savings ($):

Demand: - - - - - -
Energy: $44,366 $67,104 $96,435 $32,275 $53,057 $14,319
Displaced Fuel: $1,341 $1,949 $2,032 $142 $93 $0

Subtotal ($): $45,707 $69,053 $98,467 $32,417 $53,150 $14,319

Costs ($):

Fuel Cost: $33,418 $42,947 $57,134 $18,003 $23,415 $6,357
Maintenance: $2,222 $53,823 $27,428 $28,485 $26,470 $7,029
Generator Overhaul: $0 $0 $0 $0 $0 $0

Subtotal ($): $35,640 $96,770 $84,562 $46,488 $49,885 $13,386

Annual Savings: $10,067 ($27,717) $13,905 ($14,071) $3,265 $933
Cumulative Savings: $10,067 ($17,650) ($3,745)  ($17,815)  ($14,550)  ($13,617)
Installed Cost $1,200,000

Net Cash Flow ($1,189,933)  ($27,717) $13,905 ($14,071) $3,265 $933
Cumulative Cash Flow ($1,189,933) ($1,217,650) ($1,203,745) ($1,217,815) ($1,214,550) ($1,213,617)
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6.1

Summary, Conclusions, and
Recommendations

Review of Fuel Cell Demonstration at MCAGCC Twentynine Palms

The 200 kW phosphoric acid fuel cell operated for 21,890 hours which corre-
sponds to an availability of 50.8 percent. The fuel cell generated approxi-
mately 3,522 MWh of electricity at an average rate of 160.9 kW. The fuel cell
electrical efficiency averaged 32.0 percent (HHV) over the course of the dem-
onstration. The thermal utilization of 40,600 BTU/hr was only 6 percent of
the fuel cell’s capability of 700,000 BTU/hr. Data in Table 32 summarize the
performance of the fuel cell operation.

Table 32. Summary of fuel cell performance.

1995 1996 1997 1998 1999 2000 Totals

Fuel Cell Operation

Hours in the Period 4,664.2 8,784.0 8,760.0 8,760.0 8,760.0 3,366.0 43,094.2

Fuel Cell Operation Hours 3,705.3 4,836.4 5,970.3 1,989.3 4,253.3 1,135.8 21,890.5

Fuel Cell Outage Hours 958.9 3,947.6 2,789.7 6,770.7 4,506.7 2,230.2 21,203.7

Availability 79.4% 55.1% 68.2% 22.7% 48.6% 33.7% 50.8%)
Electric Generation

Total Generation (MWh) 633.8 838.8 1,071.5 315.8 521.7 140.8 3,522.5

Average Rate of Generation (kW) 171.1 173.4 179.5 158.8 122.7 124.0 160.9
Natural Gas Consumption

Total Consumption (Ft%) 6,488,973.3| 8,339,251.1| 11,093,926.4| 3,419,098.2 5,577,173.3] 1,514,140.0] 36,432,562.3

Average Rate of Consumption Ft3/hr) 1,751.3 1,724.3 1,858.2 1,718.7 1,311.3 1,333.1 1,664.3
Heat Recovery

Total Heat Recovered (MMBTU) 214.64 311.81 325.11 22.26 18.21 0.00| 892.0,

Average Rate of Recovery (kBTU/Hr) 57.93 64.47 54.45 11.19 4.28 0.00 40.75
Efficiencies

Electrical (%) 32.4% 33.3% 32.0% 30.6% 31.0% 30.8% 32.0%)

PURPA (%) 34.0% 35.1% 33.4% 30.9% 31.2% 30.8% 33.2%)

The longest continuous period of operation was just under 2,100 hours, or
about 3 months and the longest forced outage was 2,260 hours, or about 3
months. The fuel cell stack had to be replaced once during the demonstration
period and an external water treatment system had to be retrofit to the fuel
cell due to high conductivity of the water. A total of 36 outages were recorded
with 33 outages classified as a forced outage.

At the completion of the demonstration, the fuel cell was not functional and
the Base opted not to invest its own money in repairing, operating and main-
taining the fuel cell. In accordance with the demonstration agreement, the
fuel cell was removed at the request of the Base.
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6.2

6.3

Lessons Learned

The experience of installing, operating and finally decommissioning the fuel
cell, resulted in the following lessons learned:

High conductivity of water, particularly due to the hardness of the water in

the Southwest region of the United States, must be addressed to prevent

negatively impacting the performance of the fuel cell stack.

Installation of the fuel cell was a relatively straight forward process with

Nno major concerns at this site. The installation took 3%2 months.

The level of energy savings was less than anticipated due to:

o0 the average fuel cell electrical output, which was only 161 kW and not
the anticipated 200 kW.

o the fuel cell availability, which was only 50.8%, not the anticipated
95%.

o the level of heat recovery, which averaged approximately 6% instead of
the anticipated 60%.

o the fuel cell’s potential to reduce the demand of the Hospital in only 10
of the 59 months of the demonstration.

Most of the forced outages were categorized as “Other,” which accounted

for a total of 7,852 hours, or 48% of the forced outage down time.

The average duration of a forced outage was 497.6 hours, or approxi-

mately 21 days.

The maintenance costs averaged $29,100/year, which represents an aver-

age cost of 4.12 cents/kWh. This does not include the equipment cost of

the replacement cell stack or the reverse osmosis unit.

The average fuel cost to generate electricity was 5.2 cents/kWh ($181,273 /

3,522,500 kWh).

The average operating and maintenance costs to generate electricity was

9.3 cents/kWh (5.2 cents/kWh [fuel cost] + 4.12 cents/kWh [O&M costs]).

Note that this does not include the value of the heat recovered from the

fuel cell. Over the same period of time, the cost of electricity purchased

from SCE averaged 9.2 cents/kWh.

Recommendations

The review and analysis of the 200 kW phosphoric acid fuel cell installed at
MCAGCC Twentynine Palms resulted in several recommendations:

Water Quality Requirements. UTC Fuel Cells has identified through
the demonstration that the hardness of the water impacts the fuel cell op-
eration. The Twentynine Palms fuel cell required the installation of a re-

verse osmosis water treatment system. It is recommended that further re-
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search be done to determine the hardness level at which the fuel cell will
require an RO system

e Fuel Cell Electrical Efficiency Trends. The analysis of the electrical
efficiency trends showed that, in addition to the number of load hours,
other factors affect the efficiency degradation. The secondary analysis that
was conducted based on evaluating the trends between major system
changes did not substantially improve on the ability to better quantify the
electrical efficiency degradation. It is recommended that further evalua-
tion be done to qualify the trends of other demonstration fuel cells might
provide more insight.

e Cell Voltage Trends. The analysis of the cell voltage trends showed that
the rate of cell voltage reduction was greater at the higher electric output
levels (200 kW and 175 kW) than at lower electric output levels (125 kW
and 150 kW) as the fuel cell load hours increase. It is recommended that
these trends be further analyzed to see if this consistent with other fuel
cells.

e System Design Improvements. As part of the fuel cell demonstration
and overall fuel cell development, UTC Fuel Cells refined the fuel cell de-
sign based on operational experience gained through the operation of the
fleet of fuel cells. These improvements and modifications were classified
as retrofits. The details of the retrofits are considered proprietary informa-
tion by UTC Fuel Cells and are not available for this report. Investigation
of maintenance activities for a larger number of B type fuel cells is recom-
mended to provide greater insight into the modifications to the fuel cell
design that can be attributed to the demonstration program.
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Appendix A: Fuel Cell Acceptance Test Report

ONS1 correraTiON

ON S\TE ACCEPTANCE TEST WREFPORY
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ONS| corroraTiON

01/23/95

DoD ACCEPTANCE TEST OF PC25™ POWER PLANT INSTALLATION

Following a normal power plant start-up, operate at IDLE for one hour.
At the completion of the one hour, obtain prints of the following five
(5) display screens.

- KEY PARAMETERS (screen 09)
. REACTANT SUPPLY SYSTEM {screen 10)
- STACK LOOP, ANC LOOP, & WTS (screen 11)
= ELECTRICAL OVERVIEW (screen 14)
- POWER CONDITIONER SYSTEM (screen 25)

In the grid connect mode with unity power factor and-no heat recovery,
operate at each of the following powers for one hour. After one hour
obtain prints of the five (5) screen displays outlined above. Also
perform the additional demonstrations at 100 KW and 200 KW listed
below which are accomplished after the cne hour hold. The reguired
display screen prints for verification are shown in brackets {}.

* S0 Kw
* 100 EW
- demonstrate leading and lagging power factor for 5 minutes
# max leading power factor up to 0.85 within limitiations
imposed by the grid {screen 14}
# 0.85 lagging power factor {screen 14}
* 150 KW ’
* 200 KW (Rated Power)
- demonstrate < 3% harmonic distortion [using THD meter
across the output power breaker)
- demonstrate 60 Hz + 3 Hz frequency [using a Fluke Model 87
True RMS Multimeter or egquivalent]
- demonstrate leading and lagging power factors for 5 minutes
¥ max leading power factor up to 0.85 within limitiations
imposed by the grid {screen 14}
¥ 0.85 lagging power factor {screen 14}
- demonstrate minimum of 2 hours of heat recovery at time
of normal site heat usage and consistent with site design
# {screen 09 at beginning and end of demonstration
plus screen 11 at beginning and every hour until
heat recovery demonstration completed}
¥ confirmation of 1900 SCFH * 100 SCFH natural gas
consumption during this two hour hold
Grid Independent operation will be demonstrated at those sites where
such capability is installed, at power conditions consistent with
normal site demand. After one hour of grid independent operation,
each of the five (5) screens displays noted above shall be printed as
verification.
- demonstrate 60 Hz + 3 Hz frequency [using a Fluke Model 87
True RMS Multimeter or equivalent]
- demonstrate 480 volts + 3%
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FTOLZ UKCORE. MASS FUEL PLOW  42.C 2PH  TEDL1 FUEL TEMP(DEGF}  71.1
SCFE ACTUAL YOLUME #UEL FLOW 5517 CF  SETEGINT: 300§
PUEZLTCT  TOTAL FUEL CONSUMED 13064 SCF  PTOLZ VENTURI{PSIA] 7. 29
27510 EJECTOR POSITION 24.5 % SETEOLNT: 3.2
FEIMON PHI MONITOR ;R OTEAM FLCW S.F.[(FPH): 143.8
LEEED ANGDE [NLET TEMP S95.6 DEGE

TICOZ EQL EED TEMP E0& .2 CEGF HTRIOZ SETATVS: on
SPPREF  REFCEMER EFFICIZNCY an.7 %

ATACE LOCE, ANC LOOF, & WIS

¢5/15/93 IDC=  453.8 VDC= 223 VIZ1O0DEL= -0.728 EVENTE O
n54%:26  PTOLZACT- 41,7 TE40OFT= 359.5  TEOLaFT- 151 OVERRIDE 2
/P %0GRL F 160 % 140 3 60 W ZC A 0 K L0 C 30 L 137 S0

TEIDG ESFARLTOH THEMP (PRTMARY; 35%.% DEGEF SETPOINT: 358.13

TELDOCR LIPARATCR TEME (BACKJF] 359 .5 DEGF &23F TEMP FACTOR[LDEGE] 1.G

TE4&003L  SEF TEMF LELTA 0.4 L[EGF

Lge i WATER TARK LEVEL SWITCH an STK FLOW 2W (FE400) Cn

m3431 FALIZHAR TEMF 74.E DEGF F/W TEMP 8W (TS451; an

TESLY CGRODENSCR BEIT TEMP 139.9%  DEGE

TERZG cusT HEX HOT IN TEKF 1738 DEGF  CUMHEATREC [HMETU ) ».0358

TES20 28T HEX CCLL IN TEMF 172.9 DEGF FTESD FLOW (PPH! a

TESE]1 CUST RHEX CSLD ZX TEMF 123.6 DISr HESAT REC [MATU MR} g o

TE401 yTACK COOLANT INLET TEMF 33%.0 TDEGF

LT440 AEPARATODR LEVEL 11.2 1IN

FMP4E1 WIS FEEDWATEE PUMP el 4 OR TIME, MIN.{PWFUMP): 0

STARTTEKF TEWE *DR REF HEATUE a50.0  DEGF

IDCMET HET ™. CUERENT 24.3 AMF3

TTR402 SLEKENT "A" off ELEMENT "C" an
ELEMEKT ™p" Jo ELEMENT D" QEf
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ELECTE I (4

3
[
(A1

S34353 IDCw £73 vyoes 224 Ty YPIIOOEL= - & e
4845:35  FUOI2ACT=  37.7 TE4COFT- T - at0g G'SGEagyggéb 3
B/P: S061 T LEQ B16078 88 W 20 A 9D H i3 6 35 ooan
LEEDTIMI  TOTAL LOAD TIME 88 Eg
HAOTTIME TOTAL EOT TIMF 1z22 Ba
cELY BVE VOLTS PZR CELL a0 Vo
AST CUERENT 2JER=SITY 54 AEF
kW Dl EILOWATTS OB Z W
¥TI150BL  GELTA HALY STE VGL™ -0.35 ¥ YT312 HALT STE VOLT Qs

INETANTANEOUS STR AMPS 4G5 A&
SFFINV [NVEETER EFFICIENCY ga. 5 4 CELL EFFTCIENCY (%) 55.4
E?FHECﬂ HEE%AHICAL EFF;C:EHCY 42 ., 0 % RET ZIFFICIENCY (3] 86 .6
SPEELZEC BLACTRICAL EFF-OTENCY 2310 ] HEMLT EATZ [BETU/EWHR ) 1A306
“WACNET KET AC POWER 50.2 KWAC DIZPATCHED POWER . s0.4
BREAD ACTUAL POWEZ FArToS -1.06 - DLEPATCHED P.7. : 1.00
FVARNE™  NET EVAE -1.1 EVAD DISBATCHED KVAE: 0.0
BVYARET MET EWh 49 .7 EVA
SARDOWRR TABASITRE POWER S5.0  EW
YWACGECES SHOSE AC POWEE SR F A"
MWARSGE  GRGEE AC MW HIZ 2.549 MWHE
MU RSN HET AC MW HOUZS 0,922 HWHE

FOWEE_ CONDITIONER S¥STEM

6416795 DC= 4E2  VhO= 224 UTHINDEL= -0 80 EVENTE O
(646:35  FTO.ZACT= 40.4 TE400FT= 361.5 TECL:FT= 1512.% OVERRIDE O
P/P 90El P 160 E 160 ® 63 W 20 A 20 N 40 © 20 L 1D (E:EE}
PTOOLA TNV AT VOLTASE PHASE A 457.8 ¥
AT0C1E INY AZ VOLTAGR,PHASE B 494.2 Vv
BTOOLC I§Y AC VOLTAGE PHLEE ' 433.2 ¥
amoola INY AC OURRENT,PHRSE A 53.7 A&
£T0ME INV AC CUREZNT,PHASE R CE.O A
cTeols INV 20 CURRENT,PHASE C 58.2 A CURGENT UNEAL (%) 7.
ETOO3A HET 27 VOLTAGE,PHASE A 487.8 ¥
PTI033 FET AC VOLTAGE .PHASE B 436.3 ¥
PTCO3C NET XC VDLTEGE,?HAEE ] 492 3 v YVOLTAGE LUMNEAL f%] i
LINEYDS  LIKE VCLTAGE 539.7 ¥
PERCTUNT  FPERCINT FUNDAMENTAL 36.8 1
FERED PULSE SMIFT REQUEET 4.8 DEC
MZRZOo: G- BREAKEZ STATUS Off
MoBOGZ /0 BRERKZE STATOS o
M2RD0OZ INTESR~TIE ERELXER STAT on

NTIOURT  IRTEERUPT COUWNT
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KEY FARAMATEES

EXVEN DE/L6/95

M_Z0

F/F

oo

£ 160 H_ 1ED
PE:ER CUTROT (K27 1040 EWAC S
POWEE CJTEOT 1 GROS 117 .7 EKWAC

STACKE CZUERENT

STARCE VCLTAGE
VOLUMETRTZ TUEL PLOW
ACTUAL FUSL TLOW

27010 REIECT2RE POECTICH
FHUI MONITCE

PT247 BURNER AIE FLOW
TEX12 RETURMER TEWR
TI0l12R EACEUP ZEF TEMP

TEJOZ HDE TEM®

T34007T ITEAM SEP TEMP
TEZE]1 TEM? T2 CUOST

T.T400 ZEFAELTOR LEWEL
WP451 ETATUE

ILECTEICAL SFFXICIERCY

[ZNGLIZE UNTITS!

107 :57 EVEWMTS: ] GYEREEIOR: 0
2 20 30 L 1%
OPERATING TIME 70,3 RS
POWEE FACTOR g, 8%
£39.F AMPZ CUOMULATIVE POWER 1.%84 MWHE
220.9 VYOLTE HARLT STACK VOLTAGE o.032 VoLTS
593,21 SCTH PUEL FLOW SETPOLRT 1002.5 GSCFH
44,7 F®H
26,6 % ZT910 ZETEGINT 25,9 3
1.05 TOTHRL FWEL COH= 35813 ESCF
315.1 FPFH FT141 SETEGINT 31%.2 PP
1821 .2 TEGF ZT_10 POSITICH 48,7 %
181%. 0 TESF TEDLZ SET2CINAT 152¢. 5 DEST
510.7 LCEGE TE359 ANOLE TWLET TEMFP 3%7.3 LEGF
335.3 DEGF TE400 JETPOIWT 3tA.8 LEGE
102.4% TECGTF FEECOVERED HELT 0 0 MBTUSHR
TE453Z FQALIZHUER TEMP 22.2 LESF
RN N TEZ1DL SLYCIL TEMP 140.8 DEGF
aif TEigd MATCE JCMIT AIR 74.4 LDEGF
TE150 MOT COME AIR IN E9_8 DEGF
37,3 0% Fress {NEXT BAGE: key to wviaw HM data

REACTART BUFPPL

05/15/55 IDo=  531.3 YDC= 222 LEWACNET=  30{) Vr310DEL= -0.80 SVENTZ 0D
1025:43  FTOLZACT= 4%.4 TEL00FT= ; FI2PT= 1522 OVERRIDE T
BSP 9CS1 P 150 R 150 5 ED W B0 & 33 M 40 & 30 L 10

TEZ12 F¥F TURE TEMF ‘PRIMAEY) 1522.1 DEGF SETFOIRT: 1519, 6
TED1ZR RKEF TJEE T=MZ [BACKJYP] 1526.4 OBSP REF/FYEL CONT CUTPUT:  1..09
YE;120EL  RIF TUBE TEMP DELTA 1.7 DEGF

FTOLZACT  ACTURL MASS FUEL PLOW 44,4 FPH  EETPCINT: 43.5
FTO1Z UNCORE, HMASS FUBL FLOW 0.7 PPE  TEOL1 FUEL TEMP(DESF} 75.0
BCEH ACTUAL VOLUME FUEL FLOW 986.9 CFH  SETPOINT: S57 &
FUELTST  TOTAL FUEL CONSUMED 35626 SCF PTO1Z VENWTURL:FPSIA} 6.85
TGO EJECTOR 203IT-0N 2E.3 % SETPOINT: 25.3
PELMOH PHI MONITOR 1.0z STEAM FLOW 2.7.(PPH): 1B1.5
TEI50 ANOCE [NLET TEMP 395.2 TEGT

TELDZ L2 BED TEME 510.2 DESF HTRO0Z STATUS: on
EFFREF  EEFUEMER EFFICIENCY TA.9 %
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CBAlESNE
10=9:35
F/P  4fal

TE4010
TE2007
TE£O03DEL
L3450
Tog3Z
TEILD
mILnAn
TEZED
TakEl
TE401
LT&00

PME451
STLETTEMF
TDCHET

HTR&0Q

SEAL15/95
103x: 21
P/FP 9CEl

LZACTIME
HOTTIHE
JELY

ABF

KEWLC
YTILODEL

EFFINV
EFFHECH
EFFELZC

EWAIHET
FEACT
EWLREHET
EVANET
FARFOWEZR
KWaCGRCS
MWHESGR
MWHEENET

ETRECE LOOE
D= S42.1 VDe- 211 OF YT2LDDEL= -0.8L
FTOL1ZACT= 44.5 TR4AOFT= 385, TEOLZFT- 1524
P60 B 160 § &0 W 20 A 30 N 40 C 30 L 10 { 59

EVEHNTS 0
GVEERIDE O

SEFARATOR TEMP {PEIMAEY} 357.2 CDEGF SETPCINT: 15£ .7

SEPARATOR TEMP [(BACETE) 357.3 DEGF SEF TEME TACTOR(DEGF) 1.C

SEFP TEMP DELTR 0.0 LCEGY

WATER TANKE LEVEL SWITCH o1 7K FLOW EW (F32400: on

BOLISHER TEMP 81.&5 DECF F/W TEMF EW (TE45%) On

CORCDENSOR EXIT TEME 139.9 DEGF

CUST HEX HOT W TEME 140.¢ DEGF OCUMARATREC|HMMBTU) 1.255

CUST HEX QOLL 1N TEMP L0.0 DE3F FTE80 FLOW (FFH! 0

CULT dEX COLL EX T3IMF 103.4 DEGF HEAT EEC (METU/AR} o0

STACK COQLANT TNLET TEMFP 323.1 DEGF

SEFARATOR LEVEL 1.2 IR

WTZ FEEDWATER FUMP on OF TIME, MIN._!{PFWELUMP): 0

TIMP FOF REF HEATUPR 380.7% DREGY

HET DC CURRENT 544.5 AMPE

ELEHMENT “A™ off ELEMENT "C" Off

ELEMENT "3" 15333 ELEMENT "n" off
ELECT N

IoC= 53% VDC= 222 YT3Z00EL= -0.84 EVERTS o

PT21Z2ACT= 44 .4 TE402FY= 356 TEQLLPT= 1524 OVEZRIDEE 0

> 150 k1635 60 w20 £33 K40 coo i 10 (T 50y

TOTAL T.al: TIME 70 HE

TOTAL HOT TIME 123 1R

A3 YOLTS PER CELL CERER WS

CUZERNT DERSITY 94  ASZF

L2 KILOWATTS 1189.3 KW

QJELTH HALF STH VOLY -, 54 VW ¥T310 HALF STE VOLT -0.01
IHSTLYTANEQUS STE AMFS B39 A

INVERTER EFFICIENCY 9E.4 0% CELL EFFICIENCY (%) 53.5
HECEANICAL EFFICIERCY a6.3 % REF EFFICLENCY {%] 19.5
ELEZTEICAL EFFICIENCY 3T.E 0% HEAT FATE (BTU/KWHR} 10G93
HET AC POWEE 100, 3 HWAC DISPATCHED POWER: 100
AROTUAL POWER FACTOR -1.00 - DISFRTCEED E.F.: 1.00
HET KVAR -0_.5 HvVAR DISFATCHED KVAR: a.d
HET EVA 1004 KVA

PARASITE PLWER 1.3 EW

GRCE5 AL FOWER 11lE.3 KW

GRCES AT MW HRE .78 MWHE

HET &0 HW RCOURE 1.091 MWHE
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0E/16/393  ZDC= 539 WDC=

102245 Fril2ACT=  44.E = 3=
F/® 9Z61 P 1e0 B Za80 8 &0 W 20 & 30
TTOOLA IRV AC WOLTAGE, 2HASE A 432 8
FTOL1E 1INV A MOLTAGE ,FHASE 3 4501
PTOL1C INY AY WOLTAGE  FHASS C 450.3
cIZ0% A INVY &C CURIENT ,FEASE & ipg. g
CTA01E IHY AL CUERENT ,FHASE B i6.2
CTo0LC YWV AC CURZENT . FHASE C - |
2TI03A RET AC VOLTAGE,PHASE A 493.1
FTOG3R NET AC VOLTAGE,PHASE E 490. 5
FTOQAC NET AC WVOLTAGE ,PHASE 458 .4
LINKEYIT LINK VOLTAGE 399 .8
FERCFUND FERCERT FUEDEMENTAL gg. 3
PSEED PHASTE SHIFT REQUEST f.5
MCBOOL /T ZEEREER ETATUS off
MCEOG2 Gr0? EREAKER STATUS LT
MCEDOZ IETER-TIE EREAEK3IZ ZTAT an
INTCOUNT INTERERUFT COUNT o]

ELECTEICA,

tafles9E  IDE= 545 VDC= 221
i0£1l:36 FOO1iACT= 45.0 TE40CFT-=
nfe G061 P 160 R 363 5 BQ W 20 A 30 N
LOADTIME TOTaL LDAD TIME 7o
HOTTIME TOTAL HOT TIME 1:4
CELY A3 VOLTS PER JELL LBl
ABF CUREENT DEJdSITY 92
WOl LT EILOWATTS 121.1
VT31003L 2ELTA HALF STE vOLT -4.&o
INSTANTANEDUZ ZTE AMFE 42
IFFINY INVERTER AVFILIENCY 97,9
IFFHECH MECHANICAL EFFICIENCY 24,5
EFFELEC ZLECTRICAL EFFICIENCY &5:05
FWACNET r3 AC POWER 140,73
ACTURL FOWER FAGTOR, UL G ED
K 45._9
K?AYET WE” EVa 110.6
FAEFOWER FPARAEITE POWER 18 .3
EWACGEGS  GRODS AC POW3R 112.4
MWHRSER GRO5E AC MW ERS 2.7T3
MWHEEKET NET AC MW HOURS 1.107

o o

L
w
Y]

49

FT= 1HZ9

YI31AdLEL= -0.50 EVENTS
TRFTe= 15%23.% CVERRIDE
£ 36 L L0
CUERENT UNEBAL (%} 12.3
YOLTAGE UNEBAL (%) 1.0

YT3L0RIL= -0.80 EWVENTS O

OVEERILES 5

20 Lic

YT31lCe HALF ETE VOLT o.o2
c2LL EFFICIENCY (%) 55.4
REF EFFIJTENCY (%) 17.48
HEAT EATE (BIO/#WHR) 10665

T SEATCHED POWER: 100,40

WISPATCHED KUAE BEl.9

(3]
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BLICTEREIC

D3/1E/%:  TRC= 547 wooz zil
T FTO_LZACT= 4%.& TE404FT=
/2 Spnel B el Bk O1ED 5 &0 W o 2000A
LOADTIME  TOTAL LOAD TIME
HOTTIME ™3TAL EOT TIME
CELY VG WOLTS FEE CELL
LOF CURZENT DENSITY
AT nl 0o ETLOWAYTE 1
YT21CGEIL DELTA HARLF STE VALT -

INETAHTANEOUS STE AMFS
FFTIRY INVERTZE HZEFFICIENCY
cFFMETH HMECIARNICAL FFTICIEHNCY
EFFELEC ELECTRICAL EFFICIEHCY

ENACNET _ UET2G, ROWES 1
| PRACT ., ACTUAL FOWER FACTOR =085
IVAEREYT HET AR -850

EMAMNET ABT EVA i

FARPCWEER FARASITE TOWER

KWACEROE  GRDSS AL POWER i

HWHESGR FROZ5 AC MW HEZ 2

MWHRENET N2T AC MW HOURS &
EEY TARAMETERS

BP!/P 8ZEl TES1EFOE 1231:57

W20

L PCWEE QUTDIT |
STACE CURRENT
STALE VOLTAOE
TOLAMETE L TUEL

ATTUAL FUREL FLOW

ZTO1Y 2JICTCI =08°TIOT

PHZ HMTNITOR

T4l IUFANER ATE FLOW

TEL]Z EEYORMYEE TEME

TEO1 23 BACRUF IEF TEMT

FL.OW

TELSOE

HETIE TEWP
TEACOFT ZTERM EEF
TELGL TEMp T IUET

e
L. |

TEMF

BEFATATOE LEVEL

ITHTUE

L7400
TMELLL

RLREOTRICZAL IFZIIIZNIY

L]

ko oJn b =2 oo

[ LR VR

[y

o=

[ R

(=8

ZEII
LEGF
DacE

LEGE

rerzs
T:ECF

TH

30 N 40
0 kR
i24 HE
AR50 W/
a7 Al
20.1 EW
a.80 W
G4t A
7.7 %
35,5 B
In. 3 &

Preso

VIZLIODEL= -0_80 EVERKTS D
etz LR CYEERIDES 0
c 20 L 10{:::::)
C
F
VT41d HALF STE VOLT .02
CELL EFFICIENCY (%) KRG 3
REF EFFICIENCY %} 78,5
dEAT EATE [BTU/EWRE) 10415

116.5

18,1

19.0

743

.124

{ENGLIZA NITS

EJSFTE.., . 0 OVERRIDE:  ©

mnn 10|“H§P
QEREAT NG TTHE Tl HEZ
'OWER FRCTORE =, 00
CUMULATIVE POWEE 1,293 HMWHE
AALT STALK VOLTAGE 216  VOLTS
FUEL FLOW 23TF0INT  1458.7 SCPH
L1517 SETPOINT d2.1 E
TOTAL FYEL CONS 37925  sOF
FTI43 ZETZOINT 1352 PR
AT110 POSITION £i.L %
THZ12 EETPDINT 1554 . & CEGF
TE3SH ANODE INLET TEMZ 34% 5  DEGE
2400 ZETPCIN 3484 DEGT
AECOVEREL EEAT 0 ] MBTY fHE
=Ee31 FCLISHER TEMP 26.5 DEGT
TEEiC GLYCOL TEMP 135.5 DEGF
TEL60 MOTGR COMP AIR 742 DEG?
TELSO MOT ZCOME AR IR g i, JEGF

SHEXT FAGI> Key =o wlew BEM data
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AIATTANT 2 2P0

167167495 ILC=  BC0.6  WhU= 212 VII10TEL- —5. 6T  EVENTS O
1230545 FTO.Z2A0T- ca. .k TZL02ET= 33 TEOLEFT= 13569 JWEREIDE G
P/T S06L P LEO 3 teD 2 B0 W 20 A S0 N 40 i L o
S LZF TIRE TEMr [FRIMARY) _5%9.9 DEZT SETELINT: 1=97F.1
TEULZL Liy TU2E TIZHF [BACEUE: 130E . E UEGE oEP/FUEL CZHT SUTDUT: 1,07
~E91335T. REF TU2E TEME DELTA 5.7 CEGF
Fo0ZECT  ACTUAL MASS FUEL FLGW §6.% pri  SETEOINT: §5.¢6
2rpiz UNCORE. MASS FUEL FLOW 24,1 PPH  TES11 FUBL THMPICESY: 76,3
ZZFKE ACTMIIAL WOLUME ZUal ZLoW 1277 .0 CFd SETFOINT: 14R0. 1
SUELTET  TOTAL FUEL CONSUMED 17850 SCF  PTO1Z VENTURIPSIA) 7.85
ITele ZIRCTOR PRSITICK {25 3 SETPOINT: 41.2
~EITHMON 27 HONTTOR 1.01 STEAM F_OW Z.F.I12PH 242.2
~E35% AKCDE DHMLET ZEP 338,37 DEGF
TR042 EIE REDR TEMP 537.13 DEZF  HTEOODZE STATYUS; orf
EFZ4EF  BIFCRMIE SPFICIINGY 20 E %
STACE LOGP, ANC LOOP, & WTS

26/16/95 TDC=  806.7 ¥DO= 212 ARET=" 1SI) YT3I100EL= -~C.E7 EVENTS 0
120501 PTOLZACTE  GE.? TE40DFT- 343.0  SEGI3FT= 1604 OVEERIDE O
P 90BL P 180 R 160 5 60 W 20 A 30 W 40 ¢ 20 L 1047 52
TE40G SEFARATCE TEMP PRIMAZY] 243 € DEGF SETPCINT: 3435
TE40CR  SEPAIATOR TEMP (BACKUS: 248.7 DBGF SEP TEMP FACTCH(DEGE) 0.3
TE4020DEL SEF THMZ DELTX. 2. B DEGF
L5457 WAT&E TANA LEVEL SWITCH  On STE FLOW SW [FE400) on
TE411 POLISHER TEMP 84 5 DEGF F/W TEMF &W (T8451} on
nE815 CORDENSGE EXIT TEMP 157 £ DEGY
TE220 CUST HEX HCT 1N TEMP 1805 DEGF CUMHEATREC [MMBT3 ) 1.048%
TES2D COST WEY COLD [N TEMP  156.8& DEGF FTSA0 FLOW [PFPR) 0
TESEL CUST HAEY COLD EX TEMF 5.0 DIGF HEAT REC {MBTU/RR) 0
TE4G1 STACK COCLANT INLET TEME 308.2 DEGE
LT400 SERARATOE LEVEL i0. s A
FYP451 WTS FEEDWATER FUMP O ON T-ME, MIN.[FWr-IMF ) : a]
STLETTEME TEMD FOR REF AEATUF 150.0 DEG?
_CCNET YET OC CURERENT 509.4  AMRE
HT2400  ELEMENT "A" Off FLEMENT "ov ofs

ELEMENT "B" Off ELIMENT "D" 0fs
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0Ef15/95
L2i6:0G
r/P 2061

LOADRTTIME
HEOTTME
TRLY

AZF

AWDT
WwT310DEL

EFFIRY
EFFMECE
ZFYRELED

KWACHNET
PTROT
EVARNET
EVANET
ARFCWER
EWACEREDS
MWHRSGL
MWHESKIT

CES15/95
1206:459
FiF 9046l

2TOO%A
BTLOZE
FTOI1C
CTROLA
CTOL1E
CTODLG

PTCO3A
FPTOL3BE
PTO0 3T
LIKEVDEC

FERCEUND
PEREN
MCBOOL
HCZRIOZ
MCEOQS
INTZOUNT

IDC= TeY UTC=
PTC12ACT= 64,2
F 160 E 150 3 &0

TCTAL LOAD TZHME

ToTAL HOT TIME

AViE VOLTE PERE CELL
CURZENT NENSITY

LC KILOWATTZ

LELTA HALF STK VOLT
HSTANTANEGUE ETR AMES
INVIRTEE EFFICIENCY
MECHANICAL ZFFICIERCY
BELECTRICAL EFFLCIERCY

NET AC FOWEER
ACTUAL POWER FACTOR
NET KVAR

NET HVA

DARAREZITE FPOWER
GED3S AL POWEER
GROES AC MW HEES

RET AC Mw HCIHIRS

Inc= 231 vIo= 212
FOOLZACT= ad. [
2 ied R O1E0 5 BED W UD
1KY AC VOLTAGE.FEASID
I¥y &AC WOLTAGE, rHAZE
NV AC VOLTACE, FEASE
LRV AC CURRENT, PEASZ
WY AD CURRENT  PHASE
INV AC CUBRRENT,FHAEE

L B = e s ]

HET AC VOLTAGE,FPHAGE
HET AC VOLTAGE ,FPHASE
NET A{ VOLTMLGSE, FHASE
LIKE VYOLTACE

o e

FERCENT FUNDAMENTHRL
PHASE SHIFT REQUEST
/7 BRELZXER STATUSH
5/C BEEAKEE S5TATUS
TNTER-TIE EREAKEE STAT
INTEREUPT COUNT

TE4COFT=

38,2

143.8
-1.2n
-1.43
143.3
k.3
154 .7

2.93&
1.507

—
L
.

W Sron L) ks

S
L8]
en

o Ch g

R SRS

L=

Do

VT310DBEL= -0.65 EVINTE &
1507 OVERRIDES  ©
4
YyT313 HALF STE VOLT L.18
CELL EFFICIENCY {4} 53.1
REF EFFICIERCY (%) azZ.n
HEAT RATE {BTU/KWHR: 9919
DISFATCHED ZOWEE: 1h0.8
DISPATCHED P.F. : 1.40
LISTATCHIO AVAR: n.a
SYETEM
VTI1ODEL= -D.EL  EVENTS
FT= 15395 CVERRLDE
© 30 L 10 ¢] 50
CURRENT UNBAL (%] 5.1
VOLTAGE UNDAL {4 1.0
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EEY¥Y PRIAMETERS (ENGLIEH UNITZ)
fP 906l ngfz20f95 1746:14 EVEATE; 3 QUEERIDE: G
o1 =

20 A 30 N CHDLI[‘—G‘::?E)
OPERATING TTINE 150.1 HES

TWE= DUTZET | 1 K POWER FACTD -1,0cC

TACK, CUERENT 084 .5 AMPS CAMULATIVE POWER il.584 HMWHR

THRCE VALTAGS 207.0 VOLTE HALF STACE YOLTACE D.49 WILTE

OLUMETRIC FUEL TLOW 1975.1  =2CFH FUEL FLoW SETFRCINT 193,56 EIFH

ZCTUAL FUBL FLOW 84,5 FPH

"T010 EJECTOR POSITION 66.7 % ETH1d SETBOINT BE.2 &

11 MCHITSR L.00 TOTAL FYEL CON3 1334%% SCF

'm140 BUENEE AIR FLOW 555.% FPPY FT140 SETRGINT 535.1 FFH

"E012 REFOFMER TEME 1663.2 DEGE ET.12 POHITION gd.0 %

TGIZN BACKUER REF TEMP 1678.0 DEGF *By12 SETROINT 1£55. 5 LDEGF

TEOGZ HDS TEMF S81.% OEGFE TE3E0 ANODE IWLET TEMP 40T7.3 TDEGF

E40QFT STEAHM SEFP TEMFP 380.5 DEGE TE470 SETEQINT 3i50.1 DEGF

"=aRl TEMP 7O SUST 177.1 TDEGF RECCVERED JEAT 254 MBTUSHR
TE431 POLISKHER TEMP 119.0 DEGF

T400 SEPARRTOR LEVEL 1.2 IN TEALO SLYCOL TEME 153.3 DEGF

cMP451 STATOS Dff TEL6D MOTOR COMP AIR 1131 DEGF
TELSG MOT COMF AIR IN 5%.Z DEGF

LECTRICAL EFFICISHNCY 3E.é % prass {MEYXT PAGI» key to wiew EM data

REACTANT SUPPLY SYSTEM
0E/20/%5 IDC= 1085.5 VIO= 297 VT310DEL= -0.36 EVENTE O
1746:55  PTOL2ACT= B3.2 TE400FT- ECizrr= 1656

OVERRIDE &
B/7 5%C61 P 160 A 160 S 60 W 20 A 30 N 40 ¢ 30 LlC'

TE2LZ REF TURE TEMT {FPRIMARY) 2657.1 CEWF SETPOINT: 1635.2
TEDLZER REF TWAE TEMF [(BACKUF: 14670.2 ZEGF ZIEF/FUEL CONT CUTFUT: L_6&
TEYLZDEL REF TUBE TEMF DELTA 14.5% CLEGF

FTO1ZACT  ACTUAL MAZS FUEL FLOW 83.2 FPE SETFDINT: B3.3
FTO12 UNCORE. MApS3 FUEL FLOW 1.7 =FPd Tid1ll FUEL TEMP{LDEGF} 59.0
5CTH ACTUAL VOLUME FUEL FLOW I9EZ.2 CFR 3ETPOINT: 19%496.0
FUELTOT TOTAL FUEL CONSUMED 139495 3CF PTG12 VENTURI{PSIA) 8.70
i EJECTZE POZITION §5.8 % SEFPOINT: 65, T
PHIMOH PHT MCHITOR 1.062 STEARM PLOW S.T7.(FPH]: 322.13
TTISG ANOLE INLET TEMP 4d7.4 TIGT

TEQQZ HDS BED TEMP G8Z.8 DECF HTROOZ STATUS: off

ZFFEEF EEFCEMER EFFICTENCY Bl.2 %



ERDC/CERL TR-06-17

78

N&s/20/95
ATAT4l
iz FA6L

TE400
TE4Z0R
TE4CODEL
Li4za
TE431
TEILG
TESZ0Q
TEESS
TIREC
TE4]1
LT40D

FMPasl
STARTTEME
IDINET

TRL0D

06/20/93
174G 44
F/2 90581

LoADTIME
EoTTIME
CILY

hET

EWDZ

irmod T
W d L L

EFFINV
EFFHECH
EF*ELBC

EWARCKET
PFPACT
KVAENET
EVANET
PAEFUNER
KWARCOROH
MHWERIGR
SWHRENET

SBTACE LOQF. ANC LOOF, & WTE

ILC=  108%.E  yDC= 207 WT31CDEL= -0.37 EVENTS
FTGLZACT= 90.8 TE40DPT= 351,35 CEOLZsT= 1651 OVERRIPE i

F 150 R 180 5 &0 W Z0 & 32 H 40 C 3L L i0

SEPARATOR TEMP (PRIMARY) 351.. LCEGF SETRCINT: 3504

SESARATOR TBMZ (BACEUE] 250.7 TEGF GSEF TEM? PACTOR(GEGF) 0.9

3EF TEMP DELTA 4. 4 DEGF

WATER TAMNE LEVEL SWITCH O 2TK FLOW EwW iFE4Dﬂ] on

POLISHEE TEMP 115 .0 DEGF F/W TEMP SW [TS451) on

CONDENSOR EXST TEMP 153.3 DEGY

CLST MEX BOT IN TEMP 177.5 DEGF CUMEEATRES(MMEDU ) 1,210

CUST HEX COLED N TEME 10%5.4 DEGF FTASD FLOW [BEH) 2953

CUST YEX COLD EX TEMP  =75.5 DEGF HEAT REC [MBTU/HE) 202

STACK COOLANT INLET TEMP 3.6.6 LEGF

SEFLEATGE LIVEL 10,8 IN

WTZ FEECWATEER FPuMFP o1 A TIME, HIN.[FWPUHP}: o

TEMP FOR REF HEATUE 350.0 DEGE

WET DC CURRENT 1007.3 AMPE

ELEMENT "A" Off ELEMENT "C" Off

ELEMENT "E" off ELEMENT "D" Off
eLECT

1o0= 1092 voo= 207 {EWRCRET=" {39 7Y VT210DEL= -0.36 EVERTS O

FUOL2ZACT=  92.% TE400PTS 3T ~TEOIZFT= 1658 CVERRIDES O

P 160 R LBO S 60 W 20 A 30 N 40 < 30 L13

TOTAL LOAD TIME <5 HE

TOTAL HOT TIME 1o #R

AVG VCGLTS FPES CELL .B4E Vi

CUREENT DENSITY 184  ASF

LC KILOWATTS 224.5 ¥

GELTA HALF STK YOLT Z0.36 ¥ VvTI10 HALF STK VOLT 0.46

INSTANTAREOUS STR AMSS 1078 A

TNVERTER BFFICIENCY 96.06 % CELL EFF1CIRNCY (%) 1.7

MECHANICAL EFFICIENCY 31,4 % REF EFFICIENCY (%) 79.2

ELECTRICAL EFYICIENTY 6.3 % HEAT RATE (BTU/EWHR) 10433

NET AC POWER 189.9 EWAC OISPATCEED POWER: 2000

ACTUAL POWER FACTOR San = DISPATCHED PB.F.: 1,00

NET KVAR -0.7 FEVAR DISPATCHED KVAR: 0.0

RET EVA 200,27 KVA

PARASI™E POWIA 16.8 KW

GP0SS AC SOWEE 216.2 EW

SHOES AC MW HES 11,718 MWER

WET AC MW EJURE 1i.5%1 MWHR
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120495 IDC= LOBE  VRC= Z07
174%: 30
B:FP  3I06L F LA0 R LAD 5 6O W 205

PTOOLA AV AC VOLTAGZ ,PHRSI A
PTIOLE IKEY AC VOLTAGE,7HAZE D
FTIGOLIC IAV AC VOLTAGE,PHARSE C
TIoClA IKY AC CURREWT,VHASF A
CTCOOLE INV AC CURRERT ,FHAZSE B
L] D R TEv AC CURRENT.PHAEE C
DG SA HET AT VOLTAGE,THASE A
FTODIZ HET AC WOLTAZE,FHASE B
FTOSIC HET AC VWOLTAGE,?HREE C
LINKEVLC LINE VOLTAGE

FERCFUND PERCEKT FURDAMENTAL
FEEZD FRAEE ZHIFT REQUEST

MZIBRGL G/T ZREAKER STATYS
HCENG2 G/C BREAKER 3TATVR
MCEDGE INTEE-TIE BEEAKSE STAT

INTCQUNT  INTERRWFT COONT

FTU12ACT= 82%.7 TE4007T=

459,

484,
529,

[l T 8]
o oD ag e

L ) L AT
= =

ol ae
]
T

} VTI1ODEL= -D0.3% EVENTS
FI= 165%9.3

5 CVERRIDE
38 m
CUREEZNT UHBAL (%) 7.

VOLTAGE UNBAL (%) 1.:



ERDC/CERL TR-06-17

ONSY cowpommTiaw

TOTRL SRR TORTORT 1O

DR ETRATEDS (Wl ‘:fu
RE QWVEBED <300,
BESLCT PRGS

HiEs.- 8. 37 153: 04524

LQLTs = a485.7
FMFS ™ 8. B4
baaTTE = 17T
Fi:E a +1_@8
HARF FHE = o

sapprox TCF = @.323

MaOLTE MME g

F 474, ZU a.84R/
= B, 345% 132,045
3 B, fEk 4, 3%
o} g. 88585 4,355
b B, S& 4. 355
] B, B3k W.688%
- g, 33X R
a2 i, Bal 8. 863
= B.AEx B. @R
= 9., g8% F. 2=
11 LE I Y = e &, 2mx
1= 9. a3% B. 3R
13 Hg. 385 g . 36y
14 a.a2k (5 = 1% s
] 8,83 15 15 s
is B.92% B8
17 H.B45 d-.2B%
1B d.D2 2.8
IS .92k B.aas
=1 B. 2% gL B

N YRR i
A G Ba e

B. a4 4, I5%
B. 080X B . 0l
@,88x H. B
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GMEI CorrPaBeT vt

QUITRIT

TREGAERICY

CEPAE ComNWESTT

TEwm AR STRATE T
RBE GUIRED

RE SUWEY

0&/20/4%%  Io0C= 1093 VDZ- za?d

18622:17 FTOA1ZACT= 90.1 TE400FT=
T 9pal F LE0 R 160 & ED W 20 A 30 N 40
LSALTTHE TOTAL LoADL TIME 150 HE
HAJTTIME ToTAL HOT TIME 211 H=
ZELY LYz WOLTS PER CELL B4R WST
AOF CUERENRT DENSITY 194 AHEP
AWLC UC KILOWATTE 226.7 W
¥TI1d0EL  DELTA HALF STE VOLY 0,40 ¥
THSTANTANEDS 2TY AMES 1091 A
IFFINYV INYEETER EFFICIENCY 15,6 R
EFFHMECH MECARNICAL EFFICIENCY 2.2 %
FFFELZC ELECTRICAL EFFICIENCY 6.5 )
SNET_NET AC POWER _ 200,32
EzAfT  TACTRAL PoWSR PAETHR 92
EVAERNET I o4 gl
FVANET NET EWA 020
FARFOWEE PAEARSITE POWEE 1c.1
EWALGROS GROSS AC POWER 216 .4
MWHESGH GREOGS AC MW. HES 4,641

MWHESNET WET AC MW HOUES 11.704 MWHE

TEDTLFT= 1461

ol 0 YR
WG R

RIS

YTI1EDEL= —-0.40 EVENTE O
OVERHILES o
an L 1041 Z0

VTal0 HALF 2TE VOLT G.43
CSLL EFFICIEWCY (%) 51.7
REF EFFICIENCY %) 8.1

KEEAT HATE (BTLU/EWHE) 10268
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LECT
CEFZ0/E5  IDO= 1110 VWDO= Z0& ( EWACRET= B ¥TI10REL= -0_39 EVERTS 0
1829: 02 FTO12AC7= d5.8F TE40SFT= 3 i T= 1EB5E UVEERIDER 7
F/FP 906 P 160 R 160 5 &2 W 20 & 30 B 40 ¢ 32 o 14
LZADTTME  TOTAL LOAD TIMS 150 HRE
HOTTIME TOTAL HOT TIME 211 BEER
CRLV A¥3 VoLTS PEE CELL _645 v/
AEF CURRENT DENSITY 198 AsSF
EWD O KILOWATTS 2591 KW
YTILADEL DELTA HALF STK VOLT -0.3% v YT310 HALF TR VOLT 0,43
THETANTARECUE STE AMFPS 1113 A
EFFINV INVERTER EFFTCTIENCY 98 . Z % CELL EFFICIENCY (%] 51.4
EFFHECH  HMISCHANITAL EFFICIENCY 92.4 & EZF EFFICIENCY [%) 820
EFFELEC  ELECTRICAL RFFICIENCY 37.1 0% HEAT EATE (ATU/KWHR ) 10198
WACMET N O _POWRE 90,7 KWAC
I ACTL POWER FACTOR -5 -
FVARNET  NET #VAR -1 B HVAR
EVANET NET EVA 234 .2 EVA
FARFPCWEE PARASITE FOWER 17.4 KW
EWACE2032 31028 AC POWER 217.2 EW
MWHESGH FECEE AC MW HES 14 _8EAR MWHER
HWERENET MNET AC MW HOURS 11.724 MWHE
KEY PARAMETE=RS [ENGLIEZH UNITE)
247 3061 0526795 1824508 IVENTS,; 0 OVERRIDE: i
P 150 B LEC Woan A N 43 £ 30 L 1%
T f'“’“tzziﬁzgﬁ ¥WAC  GFERATING TIHE 150,9 FRS
ZOWER CUTETT |1 ey 234, BWAZS  S0OWER FACTOR -1.06&
STACK CURREHT 1077.5 AMPS  CUMULATIVE POWEER 11.744 HWHE
BTAZE VoLTAGE 07,2 VALTE HALF 8TACK VCLTAGE 0.44 VALTS
VGLUMETRIC FUEL FLOW 1943 .4 S0OFH  PUEL FLOW SETPCLHT 19€3.9 ECFH
ACTUAL FUEL FPLOW 7.5 FPPH
ZT01D EJECTOR POSITION Gd.8 %

FHI MONLTOR
FT1400 AUERNEER AIH FLOW 536.8 FPFH

TEOL2 REFORMER TEME 1660.1 DEGF
TE31ZE JACEUP EEF TEMF 1672.9 DEGSE
TES02 HLS TEMF 55%% 5% LCEGF
TE400FT 2TEAM ZEP TEMP a51.1 DEGF
TEE3L TEMF TC CUST 134,80 DEGT
L7430 SETPARATOR LIEVIL 1.3 IN
PMF451 STATUS Gn

BLECTRICAL EFFICIENCY IT.4 %

244 %
1656.3 DEGF

FT1t] POSITION
TEQ12 SETPOINT

TE350 ANOCDE INLET TEME 409.8 DEGF
TE400 SETPCINT 350 _% DEGF
EECOVERED REAT 912 HMETV/HE
TE431 POLISHER TEMP 11%.0 DEGF
TEa10 SLYCCL TEMF 15672 DBESF
TE163 MCTOE COHP ALIR 11%.0 DEGF
=350 MOT CoME AIE IN tul.&  DEGT

press <NEXT PAGE» kay To view EM data
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La/20/95
15234:52
F/F 3001

TEa00
TE400E
TE420LEL
L3£5C
TE4351
TEELG
TEZZ0
TE2E0
TEEE1
TE401
LT4C0

FHMP452
STARYTEMF
IDINAT

ETR440

ChRZG/98
1934:52
afF G061

TE40D
TE4L0R
TE4ZNLEL
L3433
724531
TEELD
TES22
TE3S0
TEEEL
TZ401
LT400

FME4 51
ATARETLZME
LOCKAT

HTR40

STACK LOOF

WS

IDC= 106&.4 VDC= Z0& VT3190EL= -0.37 EVENTS 0

FTOL2ACT=  &Y.5 TRAOGFT= 350.7 TEOJZFT= 1ERE CVERRIDE O

PUB0 R 160 £ 60 W20 A0 W40 © 30 L 10 {L 507

SEPARATOR TEMF {PRIMASY] 250.7 DEGF SETEIINT: 350.2

SEFARATOR TEMP {BAZKUOEF) 334.0 D2BGF SEP TEMP FACTOR({DESTE .9

53k TEMP TELTA 0.2 CREGF

WATER TANE LEVEL sWlTCH om STF PLCW SW [(F34d0) on

FOLISHER TEME llo.& TDEGRF F/W TEM® EW (TE451) O

CONDERSOR EXIT TEMP 149.4 CEGF

CUST HEX HSY 1d TEMP 176. & DRESF {_CUMBEATREL { HMBTU 1.350

CUST JEX COLD I[N TEMP 9Z.6 LCESF FT4EC FLOW (FPH 0

CUST HEX COLDy EX TEME 134.2 T©E3F HEAT REC [(MBTU/HE: 544

STACK COOLANT TNLET TEMP 29%.7 [EGF

AEFAREATOR LEVEL 11.2 IN

WTZ TEEQOWATEE oUHE off O TIHE, HMIN. [FWBEUMP): o

TEMF FODR REF HEATUPR 3=0.0  DEGE

NET D CUERENT 1064.1  AMES

ELEMEKT "A" aff ELEMENT "C" off

ELEMENT "B" [ ] ELEMEXT "D" Qff
STACE LoO», ANC LOOP, & WTGS

1pC= 103E.1 vDC= 257 KWACKET= 290 VT3I10DEL= -0.45 EVERTS D

§TC12ACT=  S1 . TE4AQ0FT~ 351.0 TREOL2FT= 1E51 OVERRIDE

F 1A0 B 160G 5 6% W %0 & 30 N <0 C 30 L 10 I EQ

2RPARATOR TEMF (PRIMAZY] 351.1 DEGF =SBET?0IRT: a4

EEPARATCOE TEMP (BACEUP) 257.> DOEGF BSEF TEMP FACTOR(DEGF) 0.9

EEF TEMZ DELTA 9.0 DESFE

WATELR TAWNK LEVEL SWITCH On BTY FLOW ZW [F24aCO; on

POLISHER TEME 119.5 DEGF F/W TEMFP EW [T2451; O

CONDEFIOER EXIT TEMP 152.2 JBGF

CYST HEX EOT IN TEMF 180.6 DEGF CUMHEATREC(MMBTI 1.942

CUST KEX COLL IN TEME 146,1 [OREGF FTESC FLOW (FPPE] &

CUST HEX COLD EX TEMP 179.9 DJBGF HEAT REC (MBTU/HR) &

STALE CODLANT INWLET TEMEP 303,4 DEGFE

EEFARATCE LEVEL 1.8 IY

WTS FEEDWATEE BHME on: ON TIME, WMIN, [FWPUME): a

TEMF FOE KE® HEATUE 350.0 DOEGY

MET D CURRENT 1087.32  AMPE

ELEMERT "A" Dff FLEMENWT “C™ off

ELEMERT "E' off ELEMENT "L" of
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KEY PARAMETERS [ENGLISH UNITE}

P/E G051 Q67 20,/ %3
LR g W_in

QUTEUT {NET)
aug | RER]
ETACE CUREENT

STACZE VOLTAZ
VOLUMETELIC FUEL FLOW
ACTUAL FURL FLOW

ZTL18 EJECTOR POEITICR
FHI MONITOR

FT:4% BEURNER AIR FLOW
TEJ1Z REFZEMEE TEMF
TEC12R BACKOR REF TEMF

Ted02 HDE TEMP

TE400FT STERM ZEF TEMZ
TES81 TEMP 2 BT

L7440 ZEFABATOR LEVEL
FMF452 STATUS

ELECTRICAL EFFICIENCY

ONSY comromaTion

2034:51 EVENTH: 0 OVERRIDE: il
K 40 o130 110 L1 :@
& EWRC OFERATING TIME 152 .9 HEE
.7 XWAZ  POWER FACTOR 1.00
10386.0 ANMES CUMILATIVE POWER 12,144 MWHR
206.7 VOLTS HALF STACE VOLTASE .33 VOLTS
1e94.2 BCIH FUEL FLOW EEIPCOINT L987.0 SCFE
E%.& FPPH
66.% 3 (éfEii:fFI2g;H;_ﬁ,rﬁrhanﬁf:;::z;;:)
1.02 OTAL FURL COM 145056 SCF
£17.7 PEIH FT14T sﬁT?ETﬁTg‘_ X7, s
1652 .2 DEST  CT110 POSITION 89.2 %
1661.% DEGF  TEGLZ SETPOINT 1£57.1 DECF

6039 DEGE TE350 ANODS INLET TEME 40%.8 CDESF

J8C.% DEGT TEARQ RETPOINT 1392 DEGY
130.4 DEGF RECOVERED HEAT i0L METU/EER
TEL31 POL_SKEER TEMF 121.% DEGF
11.0 ¥ TES1O GLYIZOL TEMP 1%3.3 DEGF
aff TELEQ MOTOE CCOMEP ALR 107.68 DEGE
TELRD MQT COMP ATR TH 3.1 DEGF
7.4 % cress <NEXT PAGE» xey t©s view BM data

TUTL. CoOMSOmETLan

g S BT e Tukh COMSUITED

VRO WAL LS SET

o3 Y e Ok 50T

ELATSED TUME Y FaTR WRE

LR REMERT B T COWSUTHED! 28mis S0

A, WERAIAETRAL PUE TLDWD RRTE O SEE
BETUVERED TUEL FLosd TRETE S W\ oD h wa0 SLFER
RE ST ThES
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STACE LODE ., ANC LOOF, & WTE
¥Doz 207 YTI10DEL=

J6/Z0/95  IDC= 10861 -0.44 EVENTS D
JU35;32 PTO1ZACT=  59.9% CE400FT= 550.8 TEGLZFT= 1555 OVEERIDE O
PE 061 T 7640 B Led &5 A2 W 245 A AD0 N 440 C 30 L 12
mEd 0 SEPAREATOR TEMEP [PRIMARY) 350.9 DEGF GETPSINT: 350.1
TEaQOE SEFAEATOR TEMZ [BACZRUF) 3590.9 LECF SEF TEMF FACTCE(DEZE) 0.%
°31400L3L  SEP TEMP DELTA .0 DEGF
224daD WATZE TANE LEVEL EWITCH on STE FLOW SW ([FP2400G) on
TR43L BOLISHER TEMP 121.9 DEGF E/W TEMP W !{7T2451) ow
TESL CONDEWSOR EXIT TEMP 154.0 TEGF
TEEZD CUEST HEX HOT IN TEMF 18&.0 DEGF UMHBATEEC [ MHBT : i
TEEAD CUST HEX £OLD IN TEMT 150.7 DEGF FT FLOW [Bpd) 3
TESEL CUST HEX COLD EX TEMP 182.0 DEGF KEAT HEC [MOITU/HE] a3
TR STACE COOLANT INLET TEMP 316.5 LEGE
LT4a0 SEPARATOR LEVEL 10.8 1IN
FHME4R] WTS FEEDWATER FPUMP Gt OH TIME, YIN.(FWPIHDP): a
STARTTEMP miWMpP FOH REF HEATLZ i50.0  DEGE
IDCRET NET DT <URRENT 1081.8  AMPS
HTR£00 ELEMEMT "A" aff ELEMINT "c* off

ELAMINT "B Gff ELEMENT “D* GEf
Ol compomemion

BEET  RECoNEER
TWE fdpn BT E, R BECENMERA
REALED VREE,LeS BT
ANAS DY LA, mod EWTD

ELATSED TwE!
THEREW ENTRL WERT SECoNERM ]
MIERAGE WATE OF WEAT RTCaNERY Y

2000 RRS
AT oD BN
Az ENo B SdR
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KEY PARAMITERS

P/P BOEL DEs21/95 0335:15

A AT

62 8§ BO W 20

H e ]

{ANGLISA UNITS)

EVENTE ; [u
L 1D

OYWERKIDE: 0

RRE

MWHE
VOLTS
SCFH

*
SCF
FFPH
%
OEGFF

LEGF

DEGF
METU/HE
DNEGF
DEGF
LEGF
DEGF

L OPEREAT_.NC TIHE 1ee.0
FUOWER U = e POWEE FACTOR 0.95
STACE CUKRENHT 410.4 AMFS CUMULATIVE 20OWER i4.581
STACY VCOLTAGE 227.% YOLTS HALF 2TACK WOLTAGE -n.qo
VOLUMETRIZ FUEL T LOW 71..9 ECFH FUEL FLIW S3TPOINT 717 .8
ACTUAL FUEL FLOW 12,0 FPZE
ZT010 EJECTOR PORITION 23.2% % ZT010 SETPOINT 2t .8
PHI MCKNITOZR i.a7 TOTAL FLZL CONSE 1e9z2s0d
FT140 EBEURNEE AIE FLOW J45.4 FPPH FT142 SETZOINT 2557
TEv1% REFOEMEE TEME 151%.% DEGF ZTLI0 POSITZION 45.5
=pli2E BACHUF RRF TEMF :15i0.F OBEGH TEGLIZ UETFIINT 1027.3
TEQZZ Bo2 TEMCD 625.0 DEGFE TRIE0 aWoDE [WLET TEKPE 406.7
TE4COFT 2TEAM SRF TEMPR 354.0 DBGEF TE4SC ZRTPQIUT i63.4
TRE=1 TEWE TO CUOZT 1£2.1 DEGF EECOvEREED HEAT 257

TE43)] FOLISHER TIME 105.2
LT400 SEFARARTOR LEVEL 10.% IN TESLIC GLYCOL TEMZ EF LS
PMF45: STATUS on TR1IGD MOTOR COMP ALR iao.8
TE15( MQT COMEF AIR IN 54.0
ELECTEICAL EFFICIENCY 19.4 & prass <HEXT PAGE>» key to view EM data
RZACTANT 2

06/21795% IDC= 195.5 VDC= 22%
OB3E:14 FTO1ZACT= 52,23 TE400FT=

EsF 3061 P lel R W60 5 60 W 20 A 30

TEDR1Z EEF TUBE TEMF [PRIMAEY! 2515.2
TEOZZR REF TYEE TEMP {BACKUPR)] 1511.4
TEDLZLDEL RET TUEE TEMF DELTA f.5
FTOIZACT  ACTUYAL MAZZ FUEL FLOW 2.4
FTOL14 UNCTDRE. MASS FUEL FLOW 361
SCPY ACTUAL VOLUME FLEL FLOW 710.4%
FUELTCT TOTAL FUEL CONSUMED 163242
IToLD E-ECTDRE POSITIOR 23.49
PHIMON PHI MOHITOR .04
TEZED ANODE INLET TEMP 41067
TECOZ HDvz EEL TEMFP g2, 1
ZFPREF REFORMEE EFFICISNCY a3 7

i FT= 1E1B
¥ 40 £ 30 L 10

WTI13DEL= -0.33

EVENTS O

OVERRIDE O
H&J_J

DEGF 3ETPOINTY: 1526.8B
DEGF REF/FUVEL CONT QUTPUOT: 1.04
DEGF
?PH SETPOZHT: 1.7
FPH TEQ1: TUEL TEMF(DEGF) B5.4
CFH SZETFOINT: Ta6. 5
BCF PT312 VENTURI{FSIA} 7.1%
% SETPOINT; 216
STEAM FLOW S5 7. [PEH): 134.4
LEGF
DE3F RTREDOZ STATUS; aff
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HE7Z1/95
0a37: 07
TP B06

TE4DI
TILO0R
TEL0CCED
L24ED
TeEd3Z
TESZO
TEG 20
TE2&0Q
TESR1
TE&0L

LT400

PHE45]1
STARTTEMF
TDOCHET

ETE440

Na/E1/35
2338:12
2/F 90kl

LOADTIME
HOTTIME
CELV

ART

WoC

WT3I1dDEL

EFFINY
STFPMECT
EFfFELELD

EWACHET
FRAIT
KVAENET
HVARET
PARPOWER
EWACGROE
YWWHRS3R
MWHRSHAET

STRCE LOG

IbC= 430.8 VDC= 221
FTO128C7= 45.4 TE400FT=
B ol K 262 O o0 W Z0

SEPARATCE TIiMF (FPEIMAEY
SEPARATIR TEMP { BACLKYER)
SEP TEMP LELTA

WATEE TANK LEVAL SWITCH
FOLISHER TEMF

CONDENSOR BXIT TEMP

CUST HEX HOT TN TEMP
CUST HEE CGLD IH TEMP
CuaT HEX COLL Z¥ TEMP
ETHCE COGLANT IRLET TEMP
SE2ARATLR LEVELD

WTZ FEEDWATEER FLME
TEMF FOR REF HEATUF
E&T GC CUREENT

PLEMENT "A"
ELEMENT "EY

A 3T

P
bz 1

G

on
205
153,
18E.
150,
160
346,
1.

e

ad = hoen oo B

GIf
ERTHIR
200,35

an
G

ELZCT
1nt= 452 vDC= zZE
FTOLZACT#* 35.0 TE4{80FT= 361
P 16l R 1&D 5 &0 W 20 A 30
TCTAL LCAD TIME 166
TOTAL HOT TIHWE 225
AVE YOLTS PER CELL .704
CURREHT DENIZITY &1
LC KILOWATTS 102.1
LELTA HJALF STX VOLT -D.85
TNETANTANECUS ETE AMPS 452
IHVEETER EFFILCIEHLY 57.4
MECHANICAL EFFICIEHCY A
ELECTREICAL EFFICIENCY 231.8
NET AC POWEE 44, &
ARCTVAL POWER FACTOH .95
HET KVAR 14.5
HET EYA 44 2
PARASITE POWER 54,5
GRZE5 AC FOWER 9% .1
SEOZE AC MW HES 17.986
HET AC MW HQURS 14 5413

)

DEGF
AMPE

FWAC
EVAR
EvVA
W
W

HWHR

YTILDOEL= -0.E0

FT—- 1520 DVERERIDE o]
50 L 10 {E:EE}
SETPFOINT: 155 B
SEP TEMP FACTGE(LESE ] 1.0
STKE FLCW SW [F540d) [ ]
F,/W TEM? oW {75451} omn
CUMHEATREG [MMETY § 3.231
FTS50 FLOGW {FPY) 22047
KELT REC (HETU/HH) 294
SN TTME, MIN.|FWPUMF}: o
ELEMENT "2 on
ELEMENT 0" aff
YTILODEL= =0 85 EVENTS O
me 1518 OVERRIDEE D
3¢ L 10 fI a0
¥T310 HALF STE VOLT -0.02
CSLL EFFICIENCY (%) 56.1
REF EFFICIERCY (%] a8, 4
HEAT RATE [BTU/XWHRI 16152
NISPATCHED EOWER: 9.0
DTSPATCHED 7.F. 1.00
DISPATCHED HVAS: o.Q

EVERTE 1
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POWEE, COMDITIONIR SYSTEM
6721498 DC= 427 VLoC= 227 W ¥T3L0DRL= -0.81 BYENYTE O
oL

0339:11 FTaleatT= 35.6 TE400FT= '= 1525.2 OVERRIDE O

T TEDTIE :
P/ 9061 P 1s1 R 160 5 60 W 20 A 30 K40 ¢ 30 L 16 €1 80)

T T T ey D e R
PTI0LA IRY AC VOLTAGE ,PYASE A 482.5 ;‘}3
¥
o

=T0O1E INY ac VYILTASE  PHASE 2 4580.0

EToQLT INY AC VOLTASE PHASE O 475. %

i W T . LHF =z CURHEFI,:H& S2.5F A

CTO0LE INY A CURRENT ,FHASE E 54.9% L

connin [NV AC CUERENT,PHASE O 47.5 A CURRENT UNEAL [%) 14.3

PTOOLA NET AC VOLTAGE,PHAHE 2 £85.4 v

TTLOSE NET AC VOLTAGE ,.PHASE B 482, 7 W

PTEROAC NET AC VOLTAGE,FHASE C 480.7 ¥ VOLTAGE UKBAL (%) 1.9

LIWEVDS LINKE VOLTAGE B99.5 ¥

DERCKUKD DEXCENT FUKRDAMERTAL B5.4 %

*LREQ DHAER BHIFT HECZUIET Z. 1 LDES

MCEOCL 3/I BEEAKEK =TATUZ on

HMCEOG 2 G/{ BREAREE STATUS off

HILOO3 INTER-TIE BREAKEE ESTAT oEf

IYTOOUNT  IHTERRUPT COUNT 0
DPEVERISTRIITD TUTRUT NavThok AR5 1o ARLS YRS
REGURET OUTTUT  wWOLTRGE 4 450 L B%e NRL

TET T, RIS
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Appendix B: MCAGCC Twentynine Palms -
Naval Hospital, Project Meeting Attendees

Site Evaluation, 8-9 December 1993

Design Review, 02 March 1995

Attendees Organization
Mike Binder USACERL

T. Monaco Naval Hospital
M.J. Roman Naval Hospital

Lt. C.R. Miranda

Naval Hospital

Patrick Dougherty

Naval Hospital

LCDR Brannman

Naval Hospital

E.P. Thompson

Naval Hospital

Attendees Organization
Mike Binder USACERL
Gerald Cler USACERL

Bill Taylor USACERL

T. Monaco Naval Hospital
S.D. Hammons | MCAGCC
Howard DeVore | Public Works
Andrew Dufour | MCAGCC

George Collard

GBC Electrical Services

S.D. Hammons MCAGCC
Gerry Merten SAIC
Mike Torrey SAIC

Ray Aselin

GBC Electrical Services

Kick-off Meeting, 03 May 1994

Gerry Merten

SAIC

Douglas Young

United Technologies/ONSI

Acceptance Test, 23 June 1995
Attendees Organization
Mike Binder USACERL
Frank Holcomb | USACERL

Attendees Organization
Gerald Cler USACERL

T. Monaco Naval Hospital
K.J. Kouser Naval Hospital
C.J. Chitwood Naval Hospital
S.D. Hammons MCAGCC
Howard DeVore Public Works

Wayne Hofeldt

Southern California Edi-
son

T. Monaco Naval Hospital
Luke Wren Facilities Management
Douglas Young | United Technolo-

gies/ONSI

Mike Torrey

SAIC

George Collard

GBC Electrical Services

Douglas Young

United Technolo-
gies/ONSI
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Appendix C: Review Letters for Original Design
Drawings

An Empicyee-Owned Company

February 14, 1995

Dr. Mike Binder

USACERL

Energy and Utilities Systerns Division
2902 Newmark Drive

Champaign, IL 61821-1076

Subject: Twenty-Nine Palms Final Design Review
Dear Mike:

SAIC and our licensed mechanical and electrical subcontractors have reviewed the fuel cell
installation design drawings for the Twenty-Nine Palms Marine Corps. Base. Our comments are
presented below.

1. HEAT REJECTION LOOP (COOLING MODULE)

Assumed 30 gpm flow rate.

Total equivalent piping length of 335 feet.

Pressure drop - 30 gpm in 2" pipe = 2/100".

Fluid cooler pressure drop - 12' at 30 gpm.

Total pressure drop external to fuel cell is (3.35'x 2") + 12'= 18.7'

ppe TP

Pipe sizing and velocity are adequate at 2", Discharge head for circulating pump located
in fuel cell power module should include the 18.7' piping loop pressure drop.

2. HEAT RECOVERY PIPING - CUSTOMER SIDE

Flow rate - 50 gpm.

Total equivalent piping length - 318 feet,

Pipe size - 3"

Pressure drop - 25 gpm in 3" pipe = 0.8/100".

Piping pressure loss = 3.18 x 0.8 = 2.8’

Pressure drop through HEX880 (in power module) = 15"+
Total pump head required = 2.8' + 15' = 17.7"

R B0 BR

L]

Piping sizing and velocity are adequate at 3"; however, as the velocity is low at 2.3 feet per
second, some savings could be realized by utilizing 2" pipe versus 3". A check valve is

recommended at the discharge of Recirculating Pump P-2.

10260 Campus Point Drive, San Diego, California 82121-1578 (619) 546-6000
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HEAT RECOVERY PIPING - FUEL CELL SIDE (HEX880 TO STORAGE TANK
LOOP W/P-1)

Flow rate - 25 gpm

Pipe size - assume 2"

Total equivalent piping length - 221"
Pressure drop - 25 gpm in 2" pipe = 1.5/100'
Piping pressure loss =2.21 x 1.5=3.3'
Pressure drop through HEX880 = 15' +
Total pump head required = 3.3' + 15' = 18.3'

faothip B e

Piping sizing and velocity are adequate at 2". The B&G Series 90, size 1-1/2A, 1/2 H.P.
pump is adequate.

CITY WATER TO FUEL CELL POWER MODULE

Flow rate - assume 10 gpm *

Water pressure - assume 50 psig +

Total equivalent piping length - 156'

Pressure drop - 10 gpm in 3/4" pipe = 10 psig/100’

Pressure drop through HEX880 - assume 15'

Total pressure drop then is (1.56 x 10) + (15; x .43) = 22 psig. The 3/4" pipe size is
adequate assuming that about 28 psig at the fuel cell inlet is satisfactory.

me a0 TR

Should the City water supply not be isolated from the potable system elsewhere in the
plant, an approved backflow prevention device should be provided.

NATURAL GAS

a. Connected load - 1,900 CFH.

b. Pipe size - 3"

c. Pressure at point-of-connection - assume under 14" W.C.

b. Total equivalent piping length - 180",

c. Maximum delivery capacity of 0.60 specific gravity natural gas per hour with pressure

drop of 0.5 inch water column in 3" pipe is 2,257 CFH. Pipe sizing at 3" is adequate.
NITROGEN

a. Required flow rate - could not be determined from data provided.
b. Pipe size - 3/4"
b. Total equivalent piping length = 60

Assuming a required delivery pressure of 50 psig at the fuel cell power module connection,
capacity of a 3/4" pipe is in excess of 1,600 liters per minute. This pipe size should be
adequate depending on ONSI's maximum anticipated flow rate
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D, ELECTRICAL

a. The plans should be stamped by a registered electrical engineer.

b. More details should be given for the new 400A subpanel; i.e., mounting AIC, breaker
sizes, elc.

c. The sizes of conduits and conductors from new sub-panel to “NTH"” and “HNH”
should be given.

. The 120V power source to the fuel cell power module should be shown.
e. Show ground grid around fuel cell enclosure and all termination points.
f. Show routing to room FOO5 along with feeder length and voltage drop.

Based on the 105°F and 140°F supply temperatures for the domestic hot water loops, the 1,000
gallon storage tank appears adequate. The detailed electrical and thermal designs are sufficient.
With consideration of the above comments, we believe that the site design is adequate to proceed

with construction.

Sincerely,
Gerry Mener:\

Division Manager,
Advanced Energy Systems
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Appendix D: PC25B Fuel Cell Forced Outage
Description Codes

Fleet Log pagel
Model B
FORCED OUTAGE ORIGIN BY POWER PLANT CHANGE IN STATE FORGED OUTAGE/
- UNFORCED OUTAGE
DESCRIPTION DESCRIPTION DESCRIPTION
CODE1 CODE2 CODE3 CODE CODE
POWER SECTION SYSTEM PSS POWER UP PU FORCED F
FREEZE PREVENTION HEATER A HTR310A POWER DOWN PD UNFORCED u
FREEZE PREVENTION HEATER B HTR310B IDLE UP (9]
GROUND FAULT DETECTOR GFD-001 IDLE DOWN [+
HALF-STACK VOLTAGE MONITOR VT30 SHUTDOWN s
FUEL PROCESSING SYSTEM FPS NONE N
~  SHUTOFF VALVE CV00o
SHUTOFF VALVE CHV100
CHECK VALVE CV100
FLOW CONTROL VALVE FCVD12
EJECTOR EJTO10
REFORMER REF300
LOW TEMP SHIFT CONVERTER SC300
AIR PRE-HEATER HEX3910
BURNER CONTROL BSCO01
INTEGRATED LOW TEMP SYSTEM ILS
AIR PROCSSING SYSTEM APS
FILTER FIL100
PROCESS AIR BLOWER BLO10D
CATHODE FCV100
CATHODE AIR VALVE FCV110
REFORMER BURNER FCV140
— VALVE POSITION INDICATIOR ZT110
AIR FLOW TRANSMITTER FT140
HAND ORIFICE HO135
FIXED ORIFICE FO130
- REFORMER BURNER SENSOR BE030
THERMAL MANAGEMENT SYSTEM TMS
FLOW SWITCH FS400
THERMAL TEMP MANAGEMENT CONTROL TE400
THERMAL TEMP MANAGEMENT CONTROL TE431
CELL STACK COOLING H20 SUB-SYSTEM C5CW
COOLANT ACCUMULATOR . ACC400
COOLANT PUMP PMP400
_ THERMAL CONTROL HEAT EXCHANGER HEX400
FLOW ORIFICE FO400
FLOW ORIFICE FO420
BLOWDOWN COOLER HEX310
BLOWDOWN VALVE FCVa30
MIXED RESIN DEMINERALIZER BED DMMN440
ELECTRIC HEATER HTR400
MOTORIZED VALVE TCVa00
ANCILLARY COOLANT SUB-SYSTEM ACS
PUMP PMPE30
BLOWDOWN COOLER HEX431
CONDENSER HEX820
CUSTOMER HEAT EXCHANGER HEX880
FORCED CONVECTION COOLING MODULE HEXB00
SELF-ACTUATED FLOW CONTROL VALVE TCVB0D
MOTORIZED VALVE TCVa30
HAND ORIFICE HOB40
" WATER TREATMENT SYSTEM WTS
WTS PUMP PMP450
ORGANIC FILTER ORG450
MIXED RESIN DEMINERALIZER BED DMN4504
MIXED RESIN DEMINERALIZER BED DMN450B
MIXED RESIN DEMINERALIZER BED DMN450C

MIXED RESIN DEMINERALIZER BED DMN450D
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FEEDWATER PUMP

ISOLATION HAND VALVE
ISOLATION HAND VALVE

WATER TANK LEVEL TRANSMITTER
WATER TANK LEVEL TRANSMITTER
WATER TANK LEVEL TRANSMITTER
WATER LEVEL CONTROL VALVE
CHECK VALVE

NITROGEN PURGE SYSTEM

OPEN SOLENOID VALVE

OPEN SOLENOID VALVE

FLOW ORIFICE

AIR EJECTOR

CABINET VENTILATION SYSTEM
VENTILATION FAN

VENTILATION FAN

FLOW SWITCH

FILTER

FLOW CONTROL DAMPER

EXIT FLOW RATE CONTROL

TO PROCESSED STEAM SHUTOFF VALVE
ELECTRICAL SYSTEM

POWER CONDITIONING SYSTEM
MOTORIZED AC CURCUIT BREAKER
MOTORIZED AC CURCUIT BREAKER
MOTORIZED AC CURCUIT BREAKER
POWER DISTRIBUTION SYSTEM
AUXILIARY TRANSFORMER
UNINTERUPTABLE POWER SUPPLY
POWER PLANT CONTROL

LOCAL OPERATING INTERFACE
LOCAL DIAGNOSTIC TERMINAL
ELECTICAL CONTROL SYSYEM
OTHER

OTHER ELECTRICAL

Koo01

K002

INVERTER

CSA

PC CARD

BOOST REGULATOR

FUSE

POLE FAULT

BRIDGE FAULT

QUAD POWER SUPPLY

DUAL POWER SUPPLY

RELAY TRIP

- GROUND FAULT

CIRCUIT BREAKER

CONTROLLER

SUBSTACK

GRID DISTIRBANCE

OTHER GAS

OTHER WATER

NPS

Cvs

ES

OTR

PDS

PPC

ECS

OTRE

OTRG
OTRW

Fleet Log
Model B

PMP451
HV450A
HV450B
LS450
LS451
LT450
LCV451
CHV451

Cv720
CV710
FOT720
EJT710

FAN165
FAN150
FS165
FIL150
FCD150
TE1508
CV500

MCBO0O01
MCBOO2
MCB003

TOO05
UPS001

LOI
LoT

K001
K002
INV
CSA
PC
BSRG
FUSE
POLE
BRDG
QUAD
DUAL
RELAY
GRND
CRB
CRL
SBSTK
GRID
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Appendix E: Operational and Outage
Periods



Detailed Fuel Cell Demonstration Site Summary Report
MCAGCC Twentynine Palms

11995: | April

May

June

12:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
5:00 AM
6:00 AM
7:00 AM
8:00 AM
9:00 AM

10:00 AM

11:00 AM

Acceptance Test Performed

12:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
8:00 PM
9:00 PM

10:00 PM

11:00 PM|

123456789

Outage # Duration

12345678811

1111111122222
012345678901234

Description

Acceptance Test performed between June 16th through June 21st.

123456789

111111111122222222223
01234567895012345678980

/T-90-41 1430/0Q43
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11995: |

July

August September

12:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
5:00 AM
6:00 AM
7:00 AM
B:00 AM
9:00 AM

10:00 AM

11:00 AM

12:00 PM

1:00 PM
2:00 PM
3:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
8:00 PM
9:00 PM

10:00 PM

11:00 PM|

#

123456788

Qutage # Duration

1

2
3

00:33

60:12
840:20

1111111112
1234567890

Description

APS: FT140 low in R80-R160 shutdown (while adjusting electro-mechanical brake to prevent
unstable FCV1140 operation)

TMS/CSW: Loss of separator control (SEPDEL high for 10min in S60) restarted raised power slowly.

TMS/CSW: Low HDS bed temperature (TE002 low for 60sec in R110-R160). Completed 2000
hour maintenance. Replaced FCV503. Replaced FO002 orifice with 1.1" size. Replaced PMP400 with
high flow pump to improve TE401. Replaced PC7 controller card.

/T-90-41 1430/0Q43

66



Detailed Fuel Cell Demonstration Site Summary Report

MCAGCC Twentynine Palms

(1995: [October

QOutage # Duration
3 840:20

Description

See previous page.

November

December

123458578311 11
o1 z3

1111 11
4 66T B89

F3
o

2
1

2322
234

2
§

F
L]

F]
T

I
890

1234587891

1
1

/T-90-41 1430/0Q43
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Detailed Fuel $Cell Demonstration Site Summary Repsort
MCAGCC Twentynine Palms

5:00 AM

ZEemaa
EEEEES

il
£z

T

' EEE TR E EEEEEREEEREER )
dIZ3ASETED G

FEEELEE L] FEEEE R R L R
1

i
BITIABETE

o -
[
-
P
wma
-
-
-
-
X
-

Outage # Duration Description

4 27250:42 Keyboard shuldown o inveshgate bwo loaw sulb stack voltage readings. Fual call stack removed February Bth.
Mew fuel cell stack installed March 28th. Fuel cell restarted on April 17th.

Final Fepon

April 2004 4-27

/T-90-41 1430/0Q43
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Dietaaled Fisel Cell Demanstration Sne Summary Report
MCAGCT Twentynine Palms

4 225942
5 23847

6 96307

T 10034

I Repart

il 2004

See previous page.

CWS: Power plant shutdown due to low level in water tank. Restars unsuccessful due 1o reformer burner
flame cuts, CV500 stuck open. CV500 replaced on 5/3.

ES: Power plant shutdown due lo KOO2 circuit breaker sequence Lmor upon a sile power 0ss.
Problem iracad 1o bad talk-back rielay (KB) associated with MCB001. SCG assisted with repairs,

ES: Power plant shutdown, Inverter sequence error, Control relay and breaker (MCBO0Z) replaced.

/T-90-41 1430/0Q43
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Detailed Fuel Cell Denronstralion Sie Summary Repon
MCAGOC Twerrtynine Palms

July August September —|

Tr3ssmay L} TR N R 22223211
FAASATARS I TIASATEARD

I EEEE R EEE R EERE
i

T DIEEEEL ]
I EEEEETEL 1

TriTEITNY YR I AR RLN '
FIFRNASE PERO 1 TIAGE *0 -]

QOutage # Duration  Description

8 27230 Power plant manually shutdown. Install SAIC instrumentation per direction from CERL. PMP400 and .
FAN150 motor starters failed. Parts shipped

Final Repon
April 20604 42

/T-90-41 1430/0Q43
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Denaiked Fugl Cell Demensiration Sile Summary Beporl
MUAGOC Twentynine Palms

L]
|199 ! | October Dacemibar
m
IFEEEETEEEEEEEEERERF S FEFFFNFFEEIIFENFETENEEEEENEEEREEERESFFFEFEFEFFEFFEIIFEEEYTREEEENEENRENREERBERNEJFEFFEFEFEFEREE]
EEETEIRIIEEEERETREEY R BAIIA BETH ARSI FIAEETHR B FEITIAGET AR L I AR AT R REA

Outage # Duration
9 6207
10 51:30

Fimal Repeon
Apni 2004

Description

TMS: Power plant shutdown due to amn indicated low coolant fliow (FS400)

OTR: Power plant shutdown due to an intenruption in gas supply

/T-90-41 1430/0Q43

140"



Dei@iled Fugl Cell Demonstration Sie Summary Repon
MCAGOC Twentynine Palms

11997: |January February March ]
; MY i E sz 1

1 FIAEATER 1018118191223 F222223 V2234887809108 190919 122223321 2JA8ETRR1I 11019 V1022222232230

GRS FANSG VRPIAMBAT ARG @1 FILEATRREVEIARE TS (BFETRET RN R REENEY NN SN N

Outage # Duration
11 309:48

12 1345
13 2012

Firal Repont
April 3004

Description
OTR: Power plant shutdown due o circuit breaker sequence error during grid event. Relay replaced.

OTR: PIP shuldown due 1o circuil breaker sequemce error ai time of grid disturbance.

OTR: PP shuldewn due to a plugged filter im the RO umil.

/T-90-41 1430/0Q43
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Detailed Fuel Celll Denronstrat ion Site Summsary Kepon
MCAGCC Twentynine Palms

May June |

IEEEXEEREEE R EEEEEERER] Fl 31 23ABETRE RV 10T PRI 2 AR FBER VNI NV VNN N2 2222222
F1IXABETERO 123 A58TBDD C1ZJIASETRIDNITILASETRARDS Y GI23ABEATERIGT FAARATERNS
Outage # Duration  Description
14 2242 OTR: PR manually shutdown 1o repair a water leak.
15 279:56 FP35: PJ/P shutdown due to a sticking fuel valve. Annual maintenance completed.
Final Repart
Apail 200 412

/T-90-41 1430/0Q43
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Dretaibid Fuel Cell Demenstration Site Summary Report
MCAGOC Twentynine Falms

GisssssssEedd

-

Outage # Duration

16 463:30
17 26:26
18 29840
19 9208
20 78208

Final Report

Apeil Jiod

222112
dsaTARD

Description

THS: PYP shutdown due to high feed water temparature cawsed by back flow from the TMS. The shut-off vatve,
check valve, feed water pumnp, FT140, burner air valve and flow transmitter were: replaced.

PP manually shutdown to repair a site gas leak

OTR: PP shutdown due to a logic card cage fan failure. Replaced PCS.

OTR: PP shutdown due to a circuit breaker sequence eror (K0O1).

ES: PIP shutdown due to a UPS faillure. UP'S batteries were replaced; PMP451 rebuilt.

433

/T-90-41 1430/0Q43
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Detaiked Fugl Celll Demenstration Sile Summary Report
MCAGOC Twentynine Palms

11997: |October

November

December |

==

TT346BTHR 1101011 110333 F02F 73733
C12RAS8TERONZIESATHOD

QOutage # Duration  Description

IFEEET RN EREEEREEERREEEFFEEFEEFFEFEFRE)
Q1 23aESTEROVE JAaETEN D

[FEEETIE N IEREEERNEREEREEEREFEFNEFEEFEEFEFEER]

PT23ASATEFAYIIAGETAND

21 47927 OTR: PP shutdown due to a K002 sequencing error, Motorized circuit breaker adjusted.

Final Report
Apel Jidd

43

/T-90-41 1430/0Q43
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Detaibed Fuel Cell Demeanstration Sive Sumanarny Beport
MCAGOC Twentynine Palms

February

[] IEEEEIRETEE]
A5ETHIO 1T LG TN o1

1 x
FOITIARET RED

Description

OTR: PIP shutdown due to low DC voltage. FCVID12 replaced.

OTR: Maintenance activities involved circuit breakers K001, K002, and KOO3.
ES: Maintenance activities involved UPS replacement.

Final Reporn
April 2004 435

/T-90-41 1430/0Q43
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Detailed Fuel Cell Demaonstration Site Summary Repen
MUCAGOC Twentynine Palms

F+tPH 1T

100
100 F
200 P
300
&:00 F
500
00
T:00
800
L]

10:00

B1dadsarame

25 42210 TMS: Shutdown wailing to replace Hex's; replacement heat recovery flow meter on back order 6/5;
replacement HEX430 & HEX431 ordered.

26 844:12 ES: PIP shuldown due to MCBOD2 error. Completed physical check of all wiring in motorized circuit
breaker cirouit, Fuel cell stack assembly was cleaned,

| Repon
:::i 2004 436

/T-90-41 1430/0Q43
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Detailed Fusl Cell RDemenstration Site Sumaarny Kepon
MCAGOC Twentynine Palms

M| L b
TE3I48@TR

Outage # Duration  Description

27 393740  Manual power plant shutdown for site generator test; trouble shoot lockout relay issue 11/5;
replacement heat recovery flow meter recovered; schedule replacement for HEX 430 8 431 for week of 8/28.

Apail 2004 437

/T-90-d1 1430/0Q43
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Detatled Fusl Cell Demonstration Sise Sumsmary Bepon
MCAGOC Twentynine Palms

II:I‘T.Ii (EEEEEEREEEEFEEEE ]
LR ENZI4GETAFO N TAABETE RO

!III?IZJI 10 g 1I11 LRI ]
REELL E1IABATRNG A BAZIAEETES

Outage # Duration  Description
27 393740  See previous page.

April 2003 438

/T-90-41 1430/0Q43
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[htailed Fugl Cell Denaonstration Site Sumamary Fepon
MEAGOC Twemtynine: Palms:

February

PF3I45 878800 LT BV N ER2TR IR
BIFIAGETHIDGAFIAGET HAD

Outage # Duration Description

]

[ EEERIREL R EEERE]

28 1,086:00 OTR: Shutdown on ground fault fuse.

Final Repart
Apsil 2003

GEFIAEETARGITIASET B

BIFIAEETAR B TRAGEETANE D

430

/T-90-41 1430/0Q43
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Detailed Fusl Coll Demmonstration Site Summary Repan
MCAGOC Twentynine Palms

Final Repart
Apail 2003

APS: Hot shutdown on low flow transmitter FT140. Service rep successfully put plant in cool down state.
CAUSE: leak in WTS system.

OTR: Replaced FT140. repaired leaking FO420, unsuccessiul stans 610, 6111, (gol to idle) and 6/14,
replaced /O modules for FCV140, rebuilt TCV400 & replaced actuator, unsuccessful start /18

/T-90-41 1430/0Q43

141"



[eailed Fuel Cell Demonstration Site Summary Bopen
MCAGOC Twentymine Palms

AT FIABETRR I NIRRTV VTN FRIYIIIITILY
Ll

TH18 17
AEETEYTRARY ] AEETETREIERNEEEYRNEY

OQutage # Duration Description
30 185530  See previous page

31 188:08 APS: Shutdown on FT 140 low.
32 20:30 APS: Minimal information about outage, but probably same as outage #31,

Fimal Report
April 2003 441

/T-90-41 1430/0Q43

17"



DPetailed Fuel Cell Demonstration Sits Sumsnary Bepor

MOCAGOC Tweniynine

Falms

—

IFEEEE L]

Outage # Duration
33 400:00
4 Iy
3% 948

Fincal Repon
April 2004

119190 IJI?IZJIIIIl‘I.‘III
(ANFE RS R REEERLENDE LR BIIIABETRRBA T JAGRET RN B BAIFAALER TR TIAEET AR

Description

WTS: Shutdown on loss of WTS waler, FS450 off.

OTR: Shutdown on inverter Sequence emar,

TMS: Shutdown on FS400 off, Failed pump 400, Replacement sent,

442

/T-90-41 1430/0Q43
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44

£l
BO1Z23456THRE

L]
]

March

1818233
#Fa®a
Description
See previous page.

iFlisdTas
35 51418

Detailed Fugl Celll Demonstration Sive Sumumary Ropen
MCAGOC Twentynine Palms

[REED

ard3

Final Repart
Apeil 2004

2000:
=0
106
=00
00
4:00
500
500
T:00
n:00
00
10:00
11:00 I
1,
100
E |
100 |
00
500
L]
00
00
L]
1000
11200
Qutage # Duration
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44

JALETREDE FAAGATARD

1119127

S8 Fawa
Description
Seoa pravious page.

Final Shutdown

iFJIdismvTa®
Duration
5 51418

Outage #

36

Petaled Fugl Cell Remonstration Sie Sunmsary Kepen
LR
s

MCAGCT Twentynine Palms
Final Repar
Apeil 2004

- -
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Appendix F: Summary of Maintenance
Invoices by Year



ning Palms Fuel Cell

7.0
1.0 Shipping
1.0 2432 $404.43 Cylinder Rental $12.97 $34.00)
11-Dec-95 1.0
11-Dec-83 9.0
13-Dec-95 2.5
1.0 2432 $693.24 Cylinder Rental $19.41
22.5 4,864 $1,187.67 $0.0:0 $0.0:0 $32.38 $0.00 $34.00]
Total Cost $2,221.55
Maintenance Summarny Yeear #1: 1995

/T-90-41 1430/0Q43
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T y Palsss Fused Coll

T Brroie R T -'--"-""‘"-.‘m_ Foe

Date | Mows 5 |CubkFest §

Ja 11, FI] 513500

PR 240 $124.00

Jands i 50 22500

A N as S0 50

Jam 30, 1 L1 1] 5y 00 W, i 5274281

laan,a 108 7280 (e 47

Fabi 02,1 " 45 00 Onesel Fustl s

Faels 03, 1 100 SETE00 Doicteitd Fumtl §i2

Pebi 03,1 -1 404 0 [T LT N |
Faki 08,1 180 $810,00 et Feni $12

[Feslts D4, 1 a1 1, 1000 4854 51,702 55 iCrang Service B, 27500y

lekar 21, ¥ an S0

bhmr 22, 1 160 SAE000

Wtmr 23,1 100 S5 TE00

Mar 25, 1 160 $4:50.00 Lae: 104

Miar 28, 1 &30 B350 00

War it 1 80 Sl 1)

Miar 24, 1 o il 51,0935 04 (T Sesrval §1.275:00

Mar 29,1 1] S0 00

Aprid, 1 LT 408 (0

Apr 22,1 170 fag iy L2 592759

A 03,1 140 $5:30 00

Apr 9, 199 L1 42780

Ape 10, 1 180 $4.50.00

Apr 11, 1989 14.0 £5:30 00

Apr 12, 1 180 $450 00

Apr 15, 198 75 33T 5D

Ape s, eed w0 27000

Apr 1T, 198 100 5450 00 Wi 5135 D0y

Ape 8, 1998 120 £5.40 00

Apr1n, 19 125 §5462.5) [CEr $are 53

Apean,ieed 30 202 59

g 3T, 1 BE 4387

May 03, 19 s S350 M8 L hE | L1 157

Bay 0d, 1 as 36N 3540 Ererkr.

May 13,1 an $1 80 00

Jun 12, 1 45 g02e0 2608 L2781

Jun 13,1 L] 3 T0 54 L2 r S0E3 24

Jusin 14, 1 BS 5182 &) EE 4N L2 528 47

Jun i¥, 4 64 £H2 40 1
RITTRE M | 50 525000 LR 51,560 &0 1
Jun 18,1 65 23 40 |
Juil 8, 1 80 5405000 1
dul B, 1 Ba $4.05 00 1
Jul 18, 154 a0 405 00 5457 164 [EE8 $300 81 |
Sul 19, 159 B $2a50 00} Sl Prone £ | |
Juil 13, 1598 - $%05.00 1
Jul 16,1 75 $237 40

Juli?, 1998 @0 $4.05 20 = ybrter Blartal $8.47] |
Juil 18, 153§ o 5530 00 L2 5101585 |
Jul 19, 19 E] LnSod e %0 > i
Aing U, 1 855 42T 50 5551 .00 LS5 BI24.TT) i 55 &
g 32,1 L] 270 o0 558 4T (LR Era¥ ny
Bepi. 1398 gaae £ ETTT T R R T T (PP 888 54

B D4, 1R 40 E2700 508

MHew bE, 1594 B §4-00 00

Mow 07, 1599 20 510000

R T $4.00 00

iz 13, 1554 18 550 00 5395 5 518500 i0 B3 E50.0N Tl Prog §75 DY

Dax 03, 1594 B S300 008 304 i §5. 505 00 el Phone 572 50 1
D 07, 1538 B0 00 503 5357 358 [ 5266 41

] [CH] TR I T [EE TS PG T ESHET

Vislall Caat




m’nlm Pailms Fuel Cell

Tvaice — Labor | Nitregen Charcoal ; Resin Other Equipment Travel  [Shipping
. Date Hours $ | Cublc Fest 5 CublcFest  § | Cubic Feet 5 Part 3 s 3
Jan 17,1897| 90 $450.00
Jan 18, 1997 1.0 535000
Jan 21,1897| 115 $575.00
Jan 22,1897 120 50000
Jan 23,1997| &0 $400.00
Jan 24, 1997 60 5300000
Jan 27, 1947 1.0 550000
Jan 28,1897| 100 $500.00
Fob 08,1987| 75 $375.00 s305.00| Cylinditr Rental 519,41
Mar 11,1897| 9.0 $450.00 2 sieso0] 18 §3,616.00
Mar 12, 1887] 7.0 $350.00 SB00.54
Apr 03,1997 100 S500L00) S6:04.96 Mise: 560.17
Hiy 01, 1997 3.5 £175.00 £4:03.00 S185. T8
May 29,1907] 20 S 100,00 £845.04 Cylinder Rental 56.47
Jun 05, 1997] 350 $1.800.00 §7.27.30 H steeoo] 11 52 486.00|Misc §271.18 541,71
Jul 07, 1997 5.0 £2500.00
Jul 08, 1997 50 S250.00
Jui 08, 1647 1.0 £350.00
Jul 10, 1997 20 S100000
Jul 14, 1847 50 525000
Jul1z, 1997 70 §3500.00 30,00
Jul 24,1997| 40 £200.00
Aug 04,1987 4.0 S200.00
Aug 05,1887 B0 $400,00 5620 96]
Aug 0B, 1997] &0 300100 Welding $100.00
Aug 12,1997 50 525000 Cylinder Rental §25.88)
Aug 13,1997 B0 $400.00 Misc. £110.00
Aug 15,1997 45 522500 554934 s 5TG.T 55079
Sep 02,1997] 1.0 S50.00 Misc. §50.86 $177.00
Sep 16, 1997 7.5 23TR00
Sep 18, 1997 7.5 837500
Sep 23, 1997 &0 400,00
Sep 24, 1097] 75 £375.00 575282 Celll Phae §248.00
Sep 30,1997 40 $200.00 $399.75
Mav 1997 |Batsesies 545604 10641
Dec 26,1997] 4.0 S200.00 sa08.03]
Totals 249.5  S12475.00 [ 56.421.54] [ szi200] =27 $6.102.00 51,485.40 S0.00] 57166
Total Cost §2T 427680
Mainbenance Summany Year #3: 1907

/T-90-41 1430/0Q43
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Apr 16, 1908
Bpr 20, 1998
sty O, TR
ey 11, 1998,
by 1. 1998
Ity 1B, 1900
lekary T8, 1998
Whay 20 1998
Klay 1. 1950
May 22, 1998
Wy 26, 1998
lehay 37, 1998
Whay 28, 1998
Wy 20, 1998
Bun 02, 1998
Fun 03, 1998
o H, THE
Bun 05, 1998
Bun 08, 198
Jun 09, 1998
Bun 10, 1998
Bun 11, 1908
Bun 12, 148
Sun 15, 7908
Sun 17, 78
Sun 18, 198
Sun 19, 108
Bun 33, 188
Sun 24, TN
dul 02, wee
dul 11, 18
g T0, T
Sep 18, 108
Sap 18, 190
Sep 20, I8
Sep 30, 1498
Ot 1, 198
0t 02, 18
et 03, 108
Dot 23, 1998
Mov 0%, T8

] feT

-J SERER

85 §ario0 [TAEY i
30 15000 S31485 2 457 05| Cylinger Reral
1] S0 00
2o $000.00 s
40 §200.00 $142 3
1] E500.00/
wo $a00.00
o §455 02
28 810865
Wo $500 00| $315.85 LT
80 $300 02
120 $400 00 yinder Rental
8a 45500 e
0o $500.00
60 $300 00|
B $400 00 etiekaer
izn 0w FIE Ty L
I8 $350 00
T $400.00
10 $450 00 Juu
18 $350 00
" $az800
af B0 50
a $400 00
80 $550.00
28 510000
ag $0000 z ST $1.808.00
120 $400 00 04 20 -
55 527500 5215 BE
20 $10000 $1138 Cyirder Rental
Fd ) $100 00
20 $10000 $2u 18 ws
"W 150 00
FL £100 00/
20 $10000
a5 $325.00
us $47500 Cyrder Rentsi
T $430 00 s
ey 334 04| 30F 18 [Wipldar
28 510000
20 $10000
i $10000
45 523500
08 $a26.00 $1m 20

O T3 0043 4 [T

1899
§2a7

02 9

Sz
AT
= e

FTE00
-1

fan

Framan
5847

197 04

f L
515883
$A50 0

L EE ] |

$47 50)

o

i 40
528 02
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e drrm
827
oA
by T3 1969 110 5550 00 Lo il
Fab 24, 1099 &n $300 00
WFaly D8, 1599 o | &l
e 09, 100 130 500 00
e 10, 1 L $450 00/
M 19, 10 40 | Foiallis]
ddar 12, 1000 20 F100.00 Cybrcher Flentad foar
ear 18, 10 na B85 00 L] Wi LE Ak ]
Agr 35, 1999 a0 S0 00| (Cybrcier Ranial 5847
Apr 08, 19| o 500 00/ b B M 17038
May 15, 1999 (] 55500/
Bay 20, 1999 o ET05 00 maE Gybrder Reniad tEH
2 §u88.00 ] 52,080 00 | M 8153
523 55 Lisod F1, 034 5
'Wisicdang $135.00
Coll Pricrng 20 98
S3T4.07 ol Prcne $57 48
530400 (Cyknoe Renial BaA4T
ybcinr Apntal BETH
p R
$553 B
80458
bt Fidad 84 47
LEERS 51105 ¥
2 208,003 -] 2. 080,50
LLEEd L REF.i]
a8 Gyl Pt §aC4 51
Cync il 44T B0.0T
Lited §134.90
_ = [ 3138
[] f1ms 8l 4 [EIFIET) T [YET] 1
Yoar #5: 1999
¥ Cubids Few ] Cushac Faset L Feart ] Pari @ ] ] 1]
54 0 330 12 tedl Phone A
$24 00
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$440 05 1o e Fharsa AT
5502 5
Fddi 0 bas Lo
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Feb 13, 2000 T 385 00
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Mg 1, DR00 i F65 05 |C i Foatal BRET o8
e 01, 2000 117 ST 50 | pincier Roniai pRLE s
My 2000 C pindier IEantal i e
Sen 2000 = yiner [anial PN
bl 2508 Cyleden’ Faelnl | -aFE
bl 3o b pELE
e Bl Cylnger Rasnisl 364 18
S - | ylncier Ratal 23
et 2000 __lt {Einnial o
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Appendix G: Project Meeting Notes
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Appendix H: Fuel Cell Photographs
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